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THii'STO’RY jOF THIS BOOFj 

I By|ai|i'HUR mee 

This book is the stot'^ of Man and the World, It tells 
the history of • the earth and the life of man. It goes 
back, as clearly as the mind of man can, to the days when 
’the iron wiih which we biti/d onr ships poured do.zun on 
the earth as red-hot rain; it describes, as plainly as the 
zvords of men can, the things that men are doinjy on the 
earth to-day ; it looks forward, as hopeftlly as the faith 
oj man can, to the destiny that azoaits the human race. It 
is the book of Time and Space and all tliinos in them, em- 
braced in tzvelve great divisions, zuhich are here described. 


THi^UNIVERSE The Makirvtl of Worlds 

Millions of worlds fly about in space, and w(i live 
on one of them. Millions of stars shine through the 
skies, and all the stars are suns. You who read are one 
of millions of living things on one of millions of Hying 
worlds. What is behind them all — at the back of what 
w(i call Space, bcifore the beginning of what we call 
d ime ? 'rhis giant sun, with heat enough to give to 
every human Ixiing on the earth as much as he gives t<.) 
the wholes (^arth itsedf, y(!t small enough to be the least 
of all the suns there are — what is the mighty scheme in 
which his part is but a little thing? What are these 
other worlds to us, and we to them? Are they alive? 
Can they be dead? Are they before us, or behind us, 
in the unfolding of Creation? We talk of power; but 
what of the power which swings these worlds in space, 
some of them on fire, some of them so far away that 
the mind of man cannot conceive the distance, some 
of them with raging seas of red-hot iron, most of them 
bigger than our own world, whicli seems to overwhelm 
us, yet is like a grain of sand in the vastness of the 
universe! What was the beginning? What is the end? 


THE^ EARTH X Hg WG LlVC OIA 

Out of the Everywhere came a million W'orlds ; out of 
a cloud of fire came the earth on which w^e live. Count- 
less journeys the cloud of lire made through the heavens 
before the red-hot earth cooled down, shrank within 
itself, threw off th(i fragmc!nt that is now (nir moon, and 
became a mighty ball 8,o(X) miles from side to side and 
25,000 miles round. So huge a thing to us that th(! 
mind cannot conceive it, this 
among the workls that whirl 
on this speck, this atom in 
Atlantic Ocean and the great 


earth is 
with it in 
a universe, roll 
Pacific. Out of 


.but a speck 
space, and 
the 
this 


speck rise all the powers that men control ; on this speck 
happened all that history has to tell. PVom inside 
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of which our ships are 
L'n we btiild, all the ^olcl 


this littUi hall comeslill §ie iroj 
made, all the stone \v'it* whicn we 
for which we crave. RoAnd about this j^lobe, above and 
below and on every side, roll invisibkj oceans — of air 
that oives us life, of force that drives our wheels, of 
waves that carry our words as if on wini^s. This 
is the story of the makinj^ and the shapinij of the earth 
and the waters of the earth, of the forces which 
sprint^ from the earth, and the thinjfs of which 
the earth is made. It is the story of our home, 
of what we mostly mean by Nature — That Nature 
which, in a few short aj^'es only, men have learned 
to command, in liacon’s words, by learning to obey her. 

® Life Takes Possession 

For ai>'cs our red-hot earth swung round in space. Its 
fires cooled down ; the seas were formed ; and there 
came into the sea one day what was, so far as 
we know, the only thing in all these worlds that 
moved of itself. Life grew up in the waters and crept 
ashore, and on land life grew until, in its strength, it 
took possession of the earth. For millions of years 
life built up for itself millions of homes — plant homes, 
keeping to the place where they were built, and animal 
homes, moving from place to place. For millions of 
years life crept into things of all sorts and shapes — 
hideous, beautiful, monstrous, small, creeping, flying, 
crawling, walking, swimming ; rising from the earth like 
an oak, dancing in the air like a gnat, crashing through 
the forest like a mastoclon, creeping in the grass like 
•a snake, bursting from the bud like a rose, rising to 
the sky like a lark, singing like a nightingale, roaring 
like a lion. Like a wave life swept across the earth, 
until sky and sea, and mountain and valley and plain, 
became the home of millions of incredible things, living 
and dying and giving new life to their kind. Then 
came a living thing that could speak and think and act 
and know itself, and at last Man was upon the earth, 
an insignificant creature, surrounded with wild beasts 
many times his si/e, and with many times his power. 


GROUP 4 
PLANT LIFE 


The Earth Alive 

Life covered the earth At first, perhaps, it was 
movement. Perhaps the first living thing was just 
a creature that coulil move itself. And then all things 
seemed to feel the thrill of life. Over the surface of the 
earth was spread a wonderful carpet, a thing of colour 
and l)(;auty that repaired and renewed itself a universal 
living garment woven by the Hand that made the 
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heavens. Excep^t in th{lcratcr|ji s«me volcano, or on the 
ver>' edge of the rolling sea, o| at the top and bottom of 
the revolving sphere where the waters were frozen white 
and still, there was hardly a spot on all the earth where 
this carpet did not spread,' And for age after age the 
hand of the Weaver went on, giving the carpet colours 
wondrous to behold, and power to reproduce itself and 
to grow more wondrous still, until it assumed at last a 
million million forms, which became, under the con- 
trolling hand of man, with the co-operation of sun and 
wind and rain, not only the glory of the earth, but the 
upholder of the human race itself. Out of the earth 
come life and strength for all that live u[)on it. Out of 
an acorn comes an oak ; from a seed in a child’s hand 
may come a mighty forest. Food for man to eat, clothes 
for man to wear, wood for man to build his hou.ses with, 
come silently out of the earth each year. This is the 
story of the living carpet that covers the earth, of 
the beautiful garden, and the wheat-field, and the 
mighty forest, and the woods that arc lovely to walk in, 
and of all the growing things about us, which arc 
together at once the wonder and sustainer of mtinkind. 

SNiMALtfrE The Forerunners of Man 

Life, which brings forth the beauty of a red rose, brings 
forth, too, the music of the nightingale and the terror of 
a roaring lion. Greater in number than the stars that 
the naked eye can see is the variety of animals that make 
up dumb creation. An incredible pageant it would be 
could it pass before our eyes, this .strange and fearful 
host that keeps man company on the earth. As different 
as a lark is from a serpent, as different as a bee is from 
a whale, as different as a horse is from a ladybird, the 
same life beats in all — the life that is in the wolf and in the 
little child. Masters of the early world, tjie forerunners of 
the human race, these lords of creation surrendered their 
lordship to man. With strength almost unimaginable, 
with cunning such as man can barely conceive, with en- 
durance unmatched in any human being, the forerunners 
of man have succumbed to the only animal that can throw 
a stone. What, we may wonder, would have happened 
if man had remained a creature with four feet, or if man 
had never been ? Would the ant then have controlled 
the world? It is one of the enthralling themes that 
come up in the story of the animal kingdom. Here the 
wonderful tale is told — the story of the life of all creat(?d 
things that live and move upon the earth, exct'pt Man, 
who has subdued them to his will, chaineil them to his 
service, won for himself even their friendshipand'devotion. 


Si"an'’® lVleLi\ .Appears 

This little man, accordmsj^to all the laws of chance, should 
have been oobblecl up by a tij^cr of crushed by a mastodon, 
and h ive disappeared for ever off the earth, but man 
beat the mastodon, and set out for the mastery of the 
world. He found fire and heat. He made a boat and 
beoan to travel. He found something* growing out of the 
earth and started agriculture. I le measurcHl time by the 
sun, and invented language. He collected himself intc 
tribes, laying the foundation of races and nations ; anc 
slowly there came to him the feeding that the world is not 
all mechanical, but that men are surrounded by j^owc^n 
that we cannot fathom. He explored the whole (d* tln\' 
world and studied other worlds. He has been down ii 
the earth, up in ihn air, and has walked along the bc‘d o 
the sea. He has risen above i\ui clouds and seen wha 
is there. All this hci has done- man, the king of animak 
— by \ irtue of something that no otluT animal has. iMai 
is masUn* of the earth, and Mind is tin; master of man 
Here we read the incr(‘dible story of a man’s brain, tin 
grey matter that thinks out picturc^s and b )oks aiu 
revolutions and Acts of ParlianKsit and wars; tha 
draws intelligence from othen* worlds ; that w(;ighs th< 
earth and measures the sun- yet cannot understaiu 
itself. Is it merely matter, or more than matt(;r 
How does it know, and remember? lias this mim 
lived befon^, as hen^dity seesns to suggest ; aiK 
does it go on for ever, as immortality imj)li(^s 


CROUP 7 
HEALTH 


Man Builds up Strength 


I Ier(! com(*s upon the scene our doctor, who lives to ke(‘ 
us well. We are, made to be healthy, and th(T(‘, is n 
reason why we should be ill- no r(‘ason, that is, a|)ai 
from ignorance, and dirt, and the bad orderiug of ou 
live.s. While thus paragra])h is being written the lifea 
some loved one in three hundred thousand homes i 
passing slowly away, from an illness which could not 
if each of us knew th(! rules of health as well as a schoo 
boy knows th(* rules of cricket. Wc! live in a worl 
of invisible powers, unseem but understood, affi‘cting oi 
livc*s from the cradle to the grave. Yet millions giv 
less thought to these things than to a game, ami i 
this busy world we have little time, perhaj)s, to thin 
of ourselves. Here our doctor tells us how to liv 
w«-ll — th(! sort of house! wc! should live in ; the trut 
about rest and work and play ; thc! value of air an 
water and sun ; what we shall eat, what we sha 
drink, and wherewithal we shall be clothed. We sha 



learn that health is cash in rlind^ and body too. We 
shall learn the wi.sdom of Sok^on, that ‘‘a merry heart 
clocth good like a medioine, but a broken spirit drieth the 
bone.” We shall learn the wisdom of the dictionary, 
that healthy and happy and holy are three words with 
but one meaning. There is no wealth but health, 
and here is health for all, the plain rules of a game in 
which the loser is disease and the w'inner is a healthy 
man, a healthy woman, whole of body and whole of mind. 


GROUP 8 
POWER 


Man Finds Power 


Man has to-day a million times the power he had a 
thousand years ago, [)ower won from Nature, snatched 
from wind and river and sun. He is taking hold of the 
invisible powers of the world. He is harnessing natural 
forces to do the w'ork his own hand cannot do. Here is 
told the story of [)ower from the beginning, w ith all the 
marvellous means by which man, when he finds a thing 
impo.ssible, makes a machine to do it. He sends his 
messages through air ; he hitches his engines to the 
rivers ; he (loocis the dark world with light drawn from 
beyond the ether. Man, in truth, is getting beyond his 
senses. Shakespeare put a girdle round the earth in 
forty minutes ; man can do it now in four. Man can 
ph(nogra]th a thing he cannot see ; he can magnify 
sight and speech, and can store up sound. He can run 
like a deer, can lly like a bird, can swim like a fish ; but 
he can do more, for he; can travel faster than a bird, by 
a power that he can stop with his finger, and he can cross 
the earth without losing toucii of home, h'rom mid-air 
and mid-ocean too, from down in the- earth and down in 
the sea, h<; sends his message where he will, 'fhe 
time will come wh(;n man w'ill lengthen life, but while 
that day w'aitshe abolishes space and time and magnifies 
the work that he may do in his allotted span 


GROUP 9 
INDUSTRY 


Man Uses Power 

The world’s worksliop is the world itself, and the workers 
are the human face. What are they doinj^*? Millions 
are making ships and guns ; millions are making and 
managing railways ; millions are tilling the ground. Somci 
nre making a channel to join two oceans ; some are 
boring a hole through the Alps ; some are throwing huge 
bridges across wide rivea's ; some are stretching a tele- 
graph wire across the desert. Some* are digging up the old 
W'orld ; some are laying thc^ foundations ot new Habylons 
on the site of old-world empires. Some are blasting 
iron and making steel ; some are printing papers and 


THE STORY OF nooK 



books and covering thi; eart\i with tlie knowledge 
that man has won from Uarkncss. Here we meet the 
great industrial armies of the Vorld, We see them 
moving in masses to forward the comfort and unity and 
prosperity of mankind. We see the life of our factories 
and fields and mines. We have passing before us a 
panoramaof the workshops of this busy world, aworld alive 
with energy, creating, constructing, discovering, inventing, 
down-throwing, u[)-building, advancing for ever from con- 
guest to conquest, from achievement to achievement, until 
the whole man-made world is changed and made anew. 


GROUP lO 
COMMERCE 


Man Buys and Sells 

All the world buys and all the world .sells. Here we 
come into the world’s market-place, where America is 
selling cotton, and India is selling jute, and China is 
selling tea, and Persia is selling rugs, and Germany is 
selling dyes, and japan is selling porcelain, and bmgland 
is selling machines to all the world. How can we buy 
things we never touch, from men we never see, with money 
that does not exist ? The commerce of Great Hritain is 
the wonder of the world, yet there is not enough money 
in lingland to pay for one month’s purcha.ses. What is 
this wonderful machine that no man ever sees, controlled 
by ten thousand men in ten thousand places, which brings 
what we want from the ends of the earth and takes what 
we make in e.xchange ? How is it that there comes 
to your door just what you want, at just the price you 
can afford to ^xiy for it? The first men traded with 
bits of stick, now we trade with l)its of paper : surely 
a simple change, yet bridging a gulf, from the stick 
to the paper, as wide as that which separates the 
modern linglishman from the men who lived in caves. 
This is the story of the meaning of money and the 
power of it, of trading and carrying, of .saving and 
spending, of the whole working of the system — repre- 
.sented by the .sovereign in your pocket — which binds the 
world tog(!ther in an unbreakable chain, and may one 
day bind the world together in an unWeakable peace. 


GROUP II 
SOCIETY 


Man Organises Society 


Man was not made to live alone. P'ar back in the days 
of the great Cave Pear men came together in groups and 
gathen'd together in tribes, and slowly there clawned on 
the minds of men a primitive vision (if society. P'rom 
chaos to a sort of order, from a .sort of order to the 
beginning of law, mankind emerged while the .sbul of 
man was slill lost in a darkness that no light could 
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penetrate, in a d^pth oOijrnoralce Jnd bewilderment that 
no intelligence could fathom. ||An(l step by step, ihrough 
generations without niHiiber, tne groups iind tribe.s and 
races of mankind became the founders of the nations of 
the world to-day. This is the .story of the building up of 
civilisation from barbarism. To you who read it, it is 
the story of your family, of the accumulated wisdom and 
untiring energy of a thousjind years of men which lit; 
behind the happy home, the c|uiet street, the prf)sperous 
city, the united nation. It is the story of how million.s of 
men, each with his own interest, his own ambition, his own 
selfishness, live together at peace with all for the good of 
all. It is a long, long look through the ages of Timt;, from 
the days when men fought the mammoth for the mastery 
of the earth to the coming days of the Golden Age — 

When the war-drum throbs no longer, and the battle-flags are furled, 

In the Parliament of Man, the Federation of the World. 

EUGENICS Man Creates the Future 

In the people called Itugenists, in the faith that they 
hold, lies the hope of the world for the children of our 
children. Every man is part of the world ; it i.s for every 
man to see that his part of the world is as good as it can 
be. That is the foundation of the youngest and greatest 
of all the sciences — Eugenics, the science of ennobling 
human life. We live not only to study the Past, not only 
to share in the Present, but to help to make the P'uture 
too. Society has thr(;e tens{;s. It is, in the fine thought 
of Edmund Burke, a partnership between all those who 
have lived, all those who do live, and all those who will 
live. All that is best from yesterday we of to-day must 
[)ass on for to-morrow. All that we owe to the; past of 
the world we must pay back to the future of the world. 
Strength of limb and dejnh of mind we must give to our 
children ; a great vision and a cU;ar purpose ; pleasant 
homes to live in, with the wind blowing round them and 
the sunlight dancing on the; window ; beautiful streets 
to walk in and healthy places to work in ; manly labour 
for manly men and home-making for womanly woinen. 
Wc must give our children a noble ancestry to emulate, 
a iiQble vision to advocate, a noble tiffspring to anticipate. 
Eor these things we do hand tlown to unborn ages. 
No more i.s it .said that the mind of a child is like 
a sheet of white paper, waiting for Time alom; to write 
upon it, for we know from Heredity that the past also has 
written upon it with invisible ink which the future will 
reveal. Here we read of the betterment of human life, 
tvnd of the way that leads from the land of our fathers 
to the land of our children, through the Gates of Dawn. 


SIGNS OF POSSIBLE ‘LIFE ON- MARS 



CHANGES ON MARS IN ONE MONTH, SUPPOSED TO RE DUE TO CLOUDS, AND THEREFORE TO WATER 



MARS AS IT APPEARS THROUGH THE GREAT TELPISCOPE AT FLAGSTAFF ORSERVATORY 



MELTING SNOW ON MARS, AND THE APPEARANCE OF DARK AREAS SUPPOSED TO BE VEGETATION 
The t liaiiKcs observed in the bottom picture were spread over live months, and Professor Lowell declares 
them to be due lo the melting of snow and the running of the water down the canals, causing vegetation. 
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ARE WE ALONE IN THE UNIVERSE? 

Millions of Other Worlds than Ours — Has Man a 
Companion in his Journey through the Heavens ? 

MARS FROM THE WA'I'CH-TOWER IN ARIZONA 


F 'rom the point of view of man’s eyes, 
unaided by his mind’s eye, nothing 
could be more evident, daily and nightly 
demonstrated, than that this eartli of ours is 
tlie centre, the bc-all and end-all, of things, 
having a greater light to rule the day, ami 
a lesser light to rule the niglit, these and 
all other bodies in the sky being its satel- 
lites. The cartli, then, is iiicoinj>arable ; 
there is and could be nothing like it ; 
all else exists to rerve it, and moves in 
humble order around its stable majesty. 
\o j)ossibility is here for the idea of a 
universe. 

Only very few and scattered thinkers, 
]M*oV.)ably less than half a do/eii, arose to 
(question this oldest and most obvious of 
theories, until one, Ko])])ernik, a Northern 
monk, demonstrated that, notwithstanding 
the clear evidence of the eye, which sees 
the sun and moon and stars rise and set 
around this motionless t'arth, aj:)pearancos 
are deceptive ; that it is the earth which 
moves, nor is it the centre ol all things. 
Not much later, in 1600, (iiordano Hruno 
was burnt in Rome for arguing that, if 
the earth be not the centre of all things, 
it must then rather be one of a company 
of worlds, aiiiong which earth may not 
even ])e the greatest ; and even that 
the sun, which KopiXTuik, or Copernicus, 
regarded as the centre of things, may be 
one of a company of suns, which men call 
the stars. 

Thus first was the idea of a universe, 
a company of worlds, given form and sub- 
stance, ])roclaimed before mankind, branded 
for a scurrilous and blaspheimms lie, and its 
herald for one so foul that the company of 
men must rid itself by lire of such con- 
tamination. “ And so,” wrote one of his 
murderers, ” he perished miserably in the 
flames, and in tliose other worlds which 
lie imagined he can narrate how the Romans 


are wont to treat such blasphemous and 
profligate hdk as liimself.” 

Little more than three centuries later 
Hruno’s idea Ijas become a commonplace, 
which none are found to question. \Yc 
ndmit it to be not merely true, but among 
tht^ few most glorious and stupendous, 
most awe-inspiring and ennobling, of truths 
ever discenu'd by the mind of man : and a 
statue to J^riino staufls upon the spot 
wh(*r(^ Jiis judicial murchn* was accom- 
plislied. It is now our concern to readjust 
our notions of ourselves and our earth, 
our importance, and our destiny, to this 
idea of the universe, which we must per- 
fon'c accc])t ; nor is it ])ossible for us to 
make tliis attempt without asking and 
attempting to answer some of the most 
fascinating and mind-widening questions 
which ])resent themselves when we learn 
that these bright spots in the sky are mostly 
suns like our sun^ and some of them worlds 
like our earth. 

Man, then, in his tremcntlous expedition 
through the ocean of the universe, wheftce 
he knows not, whither he knows not, 
may not be uncompanioned. If other 
worlds, why not other wayfarers ? If he can 
hail other sails than his, why not other 
sailors ? Rruno asked these questions, and 
had little doubt of the answers ; and all men 
said the impiiHis wretch must die. In 
the history of the sky, or of man, or even of 
modern civilisation, this was only yester- 
day ; and to-day we all ask this question, 
and many men, in all quarters of the earth, 
devote their lives, and mighty resources of 
money and science, to answering them. 

No one now supposes that the discoveries 
and s])eculations of astronomers are to be 
feared for their influence upon religion ; 
but it is worth while, perha])s, to consider 
an argument which is heard still to-day. 
It is said that the effect of these studies, 
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and especially of such ideas as Bruno’s, 
must be either to make men despise them- 
selves, to hold life cheap, puny, and futile, 
or to terrify them with the thoiif^ht that 
there is no lielp for them in the sky ; and, 
indeed, that to think rightly of the universe 
is to iJe overwhelmed by the thought of it. 

But; indeed, it is not so. “ Let your 
soul stand cool and comj^osed before a 
million universes.” says Walt Whitman ; 
and not only docs the general common 
sense of man agree with him, but the 
experience of those who dwell nightly with 
the stars, those who study and speculate 
and^.onstan%ly think of these things, is that 
his advice is not difficult to follow. “In 
the world there is nothing great but man, 
and in man there is nothing great but 
mind.” Man’s mind is not long daunted 
by any considerations of time and space 
and number — not even if their measure be 
infinity, as astronomy asserts. 

Horace declared tliat if the 
heavens w'ere broken and fell 
upon the just man they would 
find him undismayed. In less 
speculative vein we may argue 
that life and death and love 
will always be nearer than the 
stars to “men’s business and 
bosoms,” and it is a poor and 
purblind philosophy which sup- 
poses that only in the heavens 
are infinite things. 

That the sun is a star, and 
the stars arc suns, wo. know. 

That the earth is one of a 
company of planets, such as 
Mars, some nearer to, some farther from, our 
coftimon sun, we know, and that these are 
themselves n(jt luminous, but shine by re- 
flected sunlight, we also know. The idea of 
a universe is establisJied. But no man can 
think so far without asking questions which 
as yet science cannot answer. 

Yet though no man can positively say, 
nor any deny, that life and mind are borne 
on other worlds, there is much evidence and 
much fruit for thought which will prepare 
our posterity to answer this question ; and 
since we have gone so far already into the 
idea of the universe as a company of 
worlds, we may now consider the question 
whether each — or any but ours —of these 
worlds bears its company of living, and 
even of thinking, beings. 

That such a thing could be, has been, 
and still is, most strenuously ahd indig- 
nantly denied by a few thinkers, who base 
their argument upon a gigantic misconcep- 

lO 


tioh — » misconception which is funda- 
mentalBto our subjectf and is shared not 
only by the uninitiate at large, but by 
many astrononiers whose study has never 
been tlirected to the problems of terrestrial 
life. This misconception is that what we 
must look for in the heavens, and what 
alone we can expect to find, if we find 
anything, is man. For the moment we 
may ignore the possibility of, say, lowly 
vegetable life ; it is the existence of a 
thinking, feeling being such as ourselves, 
elsewhere than- on our cart lit that matters 
for our itlea of a universe now. 

Nothing is t^asier to prove than that man 
could not exist upon Mars or Venus or 
Jupiter; and to those whose ideas of a 
thinking and feeling being cannot escape 
from themselves this is final ; there are no 
men on Mars, and the discussion is closed. 
Many distinguished astronomers, including 
at least one contemjiorary of 
the first magnitude, have 
h'iiimjdiantly come to this con- 
clusion. 

The student of life could not 
well hav^e begun to discuss the 
question at all ; and the con- 
clusion is to him .self-evident 
and necessary, and irrelevant. 
He was not looking for man, 
the child of earth, on any globe 
but earth. If the astronomers 
find in the sky, and report to 
the biologists, a sphere which 
is the exact or almost exact 
replica of earth -- and not only 
so, but of earth during the recent 
millions of years of man’s habitation * a 
sjfiierc which is cncom]xisscd with an atmo- 
sphere of the same composition, pressure, 
and temj)erature, has oceans of the same 
saltness, microbes of the same si^ecies, clay 
of the same constitution, and receives light 
of the same quality and intensity, not to 
mention a thousand other essential details — 
then, and only then, will the student of life 
upon the earth ex|)cct to find similar forms 
of life, high and low, repeated in the sky. 

We may even go farther, and say that if 
the astronomers should find an earth exactly 
like ours in all ])hysical respects, it would 
necessarily be inhabited by living forms, 
from microbe to man, identical with those 
of our ])lanet. And the biologist will go on 
to say that, in whatever degree or respect 
a celestial body differs from the earth — 
in being heavier or lighter, warmer or 
colder, brighter or darker, or what not — so 
its life, if it bears any, will also differ 
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from ours; its " m\^] 
microbes, nor its “men " oiir men 

For the biologist knoys that man is 
minutely, incredibly, yet necessarily ad- 
apted to the home which bore him, and 
to the number and powers — for and against 
him — of all its other inhabitants. 

No heavenly body w’c can observe could 
possibly harbour a human being, unless all 
biology and all common sense are mythical ; 
no human being could possibly have been 
evolved except upon our ])lanet, with its 
origin and its known history. 

Hut then we may proceed, 
clear-headed, to ask whether 
there are heavenly bodies which 
might support any form of life, 
whether there is evidence that 
life does exist thereon, and 
whether that life, in any in- 
stance, displays qualities of 
mind which bring it into com- 
munion with our own, whether 
as an equal or in some such 
relation as that of a man to a 
(log —or a dog to a man. 

Of course, tliere is nothing, 
if we be unprepared by sound 
ideas of chemistry and physics, 
and by wide and starry concep- 
tions of the universal reign of 
Nature’s laws, to deter us from 
supposing that life might exist 
upon the sun, or ui)on some 
waterless planet, or some airless 
planet, or in the absence of 
carbon and nitrogen. We may 
suppose, if wc i)lease, that the 
laws of chemistry, as we observe 
them on the earth, are only 
local and terrestrial ; that living 
things, somewhere else, could 
derive energy from nowhere 
without the necessity of obtain- 
ing it by combustion ; and that 
therefore the presence of oxygen 
is no necessity for life. Or we may siqipose, 
if we will, that though living beings have to 
recognise and adapt themselves to the law 
of gravitation liere, this law would not 
a])ply in Mars or Jupiter, and therefore 
that their differences in mass, which 
would greatly alter the conditions of exist- 
ence if gravitation obtained on those 
planets, would not matter. 

So to sup]X)se is t(^ abandon science 
altogetlier ; it is e\'en to throw over lht‘ 
Mea of a universe just when we are seeking 
fo establish it. On the contrary, as we 
shall learn, the ^aws of Nature are uniform 
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and universal, otherwise the universe 
would be no universe. (Gravitation does 
act on Mars ; carbon, oxygen, and hydrogen 
are carbon, oxygen, and hydrogen, whether 
they be terrestrial or Martian ; and the laws 
of their combination, and of the consequent 
production of energy, are the same every- 
where. Thus we are not entitled by science 
to any fantastic imaginings. We may 
imagine what we will ; but the scientific 
imagination must be disciplined and deter- 
mined by what science discerns and dictates. 

Our problem is to ascertain the 
conditions of possible life, say, 
on the all but waterless surface 
of Mars, just as we endeavour 
to ascertain them in the watery 
but almost airless depths of 
the Pacific ; and thereafter to 
consider what modes or forms 
of life could conceivably occur, 
according to our experience and 
knowledge of life here, in the 
particular conditions which we-» 
discover on Mars or any other 
celestial globe. 

Thus we may imagine — or 
imagine that we imagine — life 
without water, but no man of 
science couUl take any pleasure 
in such imaginings. He knows 
that all terrestrial life is lived 
in water, that it is “an aquatic 
])henomenon,” and when he 
studies tlie details of the pro- 
cess, so far as can, it is to 
find that the cliemical changes 
upon which life depends could 
not proceed in the absence of 
water -nay, more, of licfiid 
water ; for neither ice nor water- 
vapour will suffice. The student 
who argues that therefore, no 
life could anywhere exist in the 
absence of water is hasty ami 
illogical, for there might be con- 
ditions, unimaginable to him, in which life 
might dispense with water. Hut just because 
they are unimaginable to him, he makes 
formal acknowleilgment of the possibility, 
and then dismisses it from his mind, which 
has better things to do. If the sky should . 
tall, we should catch larks ; if pigs had wings 
they could fly ; granted. And now let us turn 
to what gives our minds mt)re satisfaction. 

Ifiit now let the astronomer inform the 
student of life that he has definite evidence 
of wat('r, say, u])on Mars, and he will be 
agog in a moment, saying to himself; 
“Water! Indeed ! ” Ami then turning, as 
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quick as his thouf^ht, with the question: 
“ And what about oxygen ? (hven these 
and more conditions, and the student of life 
can imagine life wherever they obtain ; and 
if life, why not mind ? 

Miu; inquiry may at last proceed. We 
know what we must reasonably look for, 
what conditions we must reasonably demand. 
They must suffice for life as we can con- 
ceive it, but assuredly they need not 
suffice for the maintenance of the ])arti- 
cular kind of life which we call man. And 
if it should chance that not only arc 
the minimum conditions discoverable, but 
also*^ that th?re vs direct evidence of life, and 
even of mind, as seen by their etfects — 


planetaj'y neighbours in space. Our own 
moon, nf course, is vei^y much nearer, and 
can be. much more minutely studied ; nor 
arc there astronomers wanting who believe, 
on the strength of their telescopic obser- 
vations, that some low forms of vegetable 
life may be present there. But the moon 
is ours, and her life, if any, would be only a 
detached portion of terrestrial life; and, 
further, the moon has no atmosphere nor 
water other than may possibly remain in 
very small quantity in her dee])est scars, or 
]:)ossibly — as regards water — ^i)n her hidden 
side. Any possible life that might exist 
upon the moon would thus be not only 
terrestrial historically, but humble now. 



ARE NEW CANALS BEING MADE ON MARS TO-DAY? TWO VIEWS WITHIN A EEW WEEKS 
'I he marks e.mphasiscd on the rij'lil-hatnj (littureuf Mars wt-rc iicvvr seen hcTorc Oi timber, ami atcassumeil to bt new caii.ils. 


somewhat like Man Friday’s footprints, or 
the eagle feather of Browning’s poem on 
Shelley, or the watch which Paley imagined 
to be found on a lonely heath then we 
may count ourselves rewarded indeed. 

The student who desires a defmitc and 
final answer to these questions will be dis- 
appointed : alike he who would fain siip- 
po.se that man has no comjieer nor parallel, 
much less sujierior, anywhere in boundless 
space, and he who would fain i^ee life 
and love and genius possibly or actually 
sprouting in a thousand or a billion v(jssefs 
throughout the universe. Few, pcrhajis, 
could belong to. the first group who had 
regtd the noble sentences of (hordano J^runo ; 
but our business three hundred years later, 
when we may believe what we will, and fear 
no stake, is not t'* follow miv inclination, 
but to do our duty lo the truth as Bruno 
did his, weighing th^* evidence impartially, 
and suspending judgment if need' be. 

I'he controversy at the present time 
centres, naturally enough, upon our nearest 


Very different is the case of Mars, tiu* 
ruddy planet named after the god of 
bloodshed, for life' tlieri^oii would be, so to 
say, indigenous and original ; and certain 
faitliful, Jioiiourable, devoted, and expert 
observers r(‘|)(>rt tliat tliey have direct evi- 
dence not only ol life on Mars, hut of 
provident, deliiierate, constructive, and 
social life sucli as might well transcend, in 
all noble essentials, the life of man so far as 
that has hitherto attained on tliis vounger 
jilanet. 

Mars is a member of the sun’s family, 
and the sun is only one of the inniimerahl** 
stars. We must later discuss it adequately, 
but proportionately, in its ])lace as a plaiK't. 
Yet on account of its unique relation to 
our universal question we must deal witli 
it sp(!cially here as a possible abode ol 
life, and evam of intelligence. 

The Martian controversy, now more acute 
and interesting than it has ever been, 
began in 1877, particularly favourable* 
year for observation, the two planets being 
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nnusually near at opposition ’’—when the 
eartli is exactly between the sun ai^l Mars, 
aiul these thus oppose each other— tiikI the 
controversy began witli tfie discovery of 
new features u])on a surface till then sup- 
posed to consist of smooth oceans and 
continents. The discoverer was the Italian 


the full case of the Italian philos(fphcr 
of the sixteenth century. 

Schiai)arelli found markings upon the face 
of Mars, which he ])resumed to be channels 
for water, and which he accordingly called 
by the Italian- w(n*d ffU channels — wh4'h 
is caiiule. This we too, schoolboywisi” have 
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Schiaparelli— lately dead, after having lived 
long enough to si'e photographs continning 
his visual obsiu vation of thirty years beiore ; 
and if it should b(‘ one day jnoved that Mars 
is inhabited, it will seem appropriate that 
ail Italian observer of the nineteenth century 
should have taken the first step in proving 


translated into luiglish as “ canals,” with 
the serious objection tliat we have therein 
introduc(‘d what jerenn' Hentliam would 
have calleil a “ (pustion-begging epithet,” 
which goes a K>ng way to assume what has 
yet to be jiroved. ‘‘ C anals ’ suggests in- 
telligent construct i(Ui to Anglo-Saxon ears. 
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“ Channels ” is a neutral term which does, 
indeed, assume more than Schiaparelli, or 
anyone else, has yet proved, but certainly 
does not suggest necessary engineers. We 
must beware, therefore, of our illiterate 
tr^jislation of Schiaparelli’s Italian. And we 
must ' also beware of assuming without 
evidence that even his term, accurately 
translated, is unchallengeable. His chan- 
nels ** might, indeed, convey neither water 
nor anything else, as is the business of a 
channel ; for some have argued, not with- 
out force, but with illustrations drawn from 
the earth, the moon, and Venus, that these 
alleged chanv^els are not channels at all, but 
cracks, violently formed in the crust of the 
planet as it cooled. 

But, indeed, the controversy concerns it- 
self with a much earlier question than that of 
canals versus natural channels, or channels 
versus cracks. The question at issue has long 
been, and according to some still is, appear- 
ance versus reality, a 
bost of critics having 
long denied that these 
alleged markings have 
any real or objective 
existence at all, or 
are more than the 
creation of the enthu- 
siast's brain, or over- 
strained or wear}^ eyes ; 
or the quality of the 
mind whereby a row 
of spots or dots may 
be constructed into a 
line ; or even no 
more than the shadow 
of the blood-vessels within the eye, cast 
upcvi the retina and so seen by the brain, 
and misinterpreted as markings upon a 
planet fifty millions of miles away ! 

The champion of the canals, even in the 
full meaning of the term, and of all that 
that would imply, has long been, and still 
is. Prof. Percival Lowell (a nejihewof James 
Russell Lowell), who is ilircctor of the 
observatory at Flagstaff, Arizona, specially 
built by himself now many years ago at his 
own expense, in the most suitable atmo- 
sphere and climate that could be found, 
for the express purpose of studying Mars, 
and finding the truth as to this almost 
overwhelming question. 

Lowell is in no danger of Ixung burnt, 
but his scientific reiiiilal iou. if not hb body, 
is certainly at stake in this mailer. 1ft* has 
already convinced hiinst^lf, and a. number 
of those who have had his admittedly 
unparalleled advantages in the study of 


Mars, as to the nature of the facts ; and 
recent Observations made at Flagstaff will 
have very greatly strengthened his case, if 
they be verified.'^ 

As he sees it. Mars is a planet which has 
nourished a great civilisation, now in its 
death-grip with thirst, mortal enemy of all 
life. Its small size has prevented it from 
retaining the water-vapour in its atmo- 
sphere as long as a larger planet, with a 
stronger force of gravity, might hope to do. 
The inhabitants, united in the face of 
common danger, have constructed a mighty 
system of canals to convey their scanty 
supply of water from the polar caps of 
snow for a week or two each springtime, 
to renew such life as it will suffice for. 
Beside these canals, and at the oases where 
they intersect, vegetation grows, changing 
from green to brown with the changing 
year, and contrasting with the ruddy 

desert glow of the remainder of the planet’s 

surface. Once every 

Martian year each 

p )lar cap, in its turn, 

acknowledges the 
spring by melting and 
shrinking in area ; and 
the canals become 

more prominent, 
owing to the increase 
of the vegetation that 
lines their shores. Thus 
the Martians, whose 
existence the charac- 
ter of these canals 
demonstrates, afford 
the inhabitants of 

earth a lesson, a warning, and an inspira- 
tion — a lesson in what can be achieved 
when intelligence unites for the common 
welfare instead of being divided against 
itself, a warning of what may some day 
be the fate of the earth, and an inspiration, 
of courage undaunted, of life that will fight 
to the end and never say die. 

More especially must we lay stress upon 
three points : First, the photographs of the 
canals taken at Flagstaff, which do appear 
— though not yet with absolute finality — to 
dispose of the critics who deny the reality oi 
any linear makings on Mars at all ; second, 
the still more recent demonstration, appar- 
ently quite satisfactory, of oxygen in the 
thin atmosphere of (he planet ; and, third, 
the a])])arently com]dete demonstration of 
the presence of water-vapour in that atmo- 
sphere. 'riiese three achievements are very 
recent, and require further confirmation, 
but they are of the highest importance, and 



IS PROFESSOR LOWELT. DECICIVKD ? 


'J'his (li.'ti'raiii l»ear.s out ihe contention of some critics tiiat what 
ProfesMjr i.owell t'links cunuls are illusions. Hold this 20 feel 
away, and the marks on the left look like the lines on the ri^ht. 
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represent success on the part of Lowell 
and his assistants in the very pcints at 
which they have longest laboureci The 
photography of the canals, if assured, abso- 
lutely establishes the existence of the 
markings, and completely changes the 
plane of the controversy ; the demonstra- 


not of solid carbonic acid, as some eft tics 
have suggested. 

This brings us to the lieart of the present 
argument, for all our speculations revolve 
round the presence of water on Mars. If 
the polar caps be snow, as there was neypr 
any reasonable reason to question, and as 



I.oiiK Iwforu men TouikI the IVilo ; of our own o.-irth we could fix our telescopes on the Poles of Mars, winch the top map shows to be 
marked out into areas clearly defined and named. The map i>f the earth h.as been drawn upside down to correspond with the way in 
winc:h Mars appears to spectators on the eartli, ami the Maters have been drawn dark to correspond with the dark areas of Mars, M-hich 
me supposed, by i'rofessor J.owell, imlicate the prest:m:e of water and vegetation, and therefore the possibility of iniellii;ent life. 


lion of oxygen, which is necessary for all 
earthly life, deprives the opposing school 
of an argument so formidable that no man 
of science could get past it ; and the 
demonstration of water- vapour has satisfied 
practically all impartial persons that the 
polar caps of Mars, whose existence is not 
questioned, are indeed made of snow, and 


their behaviour —increasing and decreasing 
in winter and spring would indicate, and 
if there be water-vapour, confirming these 
appearances, in the Martian atmosphere, 
we have to admit that Martian life, if such 
there be. must lx; in imminent danger of 
dying of tliirst, so scanty at the best is the 
water supply. The ‘‘ oceans ” are waterless 


15 
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now, whatever they may once have been ; 
and the canals traverse them, as tliey do 
the continents. The ruddy tint of the planet 
is probably due to its surface cousistiiif^ 
almost whcdly of desert sand ; earthly 
deserts, seen from a height, glow similarly. 

Mats, in a word, a])pears to be drying up, 
as may possibly be the case with, our own 
eartli.' Mars is older, and tlie process has 
gone farther ; nearly all the water has been 
lost from the atmosphere or by sinking 
through the crust. But an older planet 
might l)e expected to have developed 
higher forms of life, or higher forms of civi- 
lisation. theyi the earth yet displays.' It 
might be ex])ected that wars would have 
ceased and frontiers disa])peared in the 
presence of a common danger, and under 


Lowell calls oases, areas of vegetation, 
showinr seasonal changie, and large in pro- 
portion to the richness of their water 
supply. These ^)laces are what Professor 
Lowell would call perhaps the “ vital 
places'* of Mars, corresponding with our 
great centres of population. 

Such canals, geometrically straight as 
they arc on botli hemispheres of the planet, 
and planned on a planetary scale -some of 
them thousands of miles long — would re- 
quire an intelligent population which formed 
one community and looked upon and 
treated its planet as a whole'. Even so, the 
task would be a formidable one, especially 
as we must suppose the population to be 
scanty, water being so scarce, though, 
indeed, the workjniglit have been done, for 



A SNOWSTORM ON MARS AND TUR KXTRAORDINARY SCREADINO OUT OF SNOW’ FROM THE SOUTH 1*01.1' 
'I lie llr.st uf the.sc! |)hi>tui;ia])hs shows w-h.ir I’lufcssor rails th*^ hc^iiininy; uf a hiii;«j fall tif miow Mars; tin* .secunil shows llir 

sMoxUcap of the Soitth I’oh: ot Mars at its greatest extent. 'I'lie ^re.it spreacliii'^ of the snow covers, it will he seen, ahout a ijuartrr of tin- 
planet. ProfesMir Lowell supposes that the melting of this snow tills the canals upon which Mars ilepetuls for the prolongation of its life. 


these conditions a liighly developed race 
might imaginably make a common effort, 
encompassing tlic whole planet , for tlie main- 
tenance of its life to the last j^^ssible moment. 

As this line of thought would suggest, 
Professor Lowell and many other students 
of the planet believe that the canals are 
canals, made by intelligent beings, and 
demonstrating their existence to earthly 
ey(‘S. Lowell believes that he has watched 
the complete sequence oi the Martian 
seajions. Whatever hemisphere l)e studied, 
in spring the ])olar caj) begins to melt, ancl 
the issuing canals become more marktxl as 
the water flows inhi !lK*m tiuI vivif es the 
vegetation which lines IheiT banks, and 
which, indeed, rather than the canals them- 
selves, we n*ally sec. At many points wliere 
two or mon* rrin.ds intersect, there arc ’vhat 

i6 


the future of the race, in times less ])arche(l 
and more poj)ul()iis. In any case, the work, 
jiulged by earthly standards, must have 
been colossal, stupendous beycind anything 
ever dreamed of by man : according to 
Professor Lowell's own estimate the canals 
must have a total length of 700,000 or 
800,000 miles — about thirty times the dis- 
tance round our earth! Here, however, 
Lowell is ready with an observation, un- 
doubtedly just, wliicli shows that earthly 
standards do not obtain everywhere. No 
astronomer dou])ts for one second that the 
law of gravitation obtains on Mars as on 
the earth. But. just because it does so, the 
weight of things must be far less on Mars, 
as the planet is much smaller than the 
earth, and accordingly pulls with much 
less force upon matter at its surface. 




-OTOOfffl-TH 

:‘anals, tlicrefore, wliicli it would be a v 
Ii-M culean labour to dig on earth, would be \] 
ilinost an easy task on Mars. ditch 1 

^cveii limes the length of ono on earth could a 

he dug as easily on Mars.” Making the f( 

[lilt fly is child’s ])lay if only a little planet li 

is |)ulling it down, and to dig#a Panama 1: 
('anal on Mars would bo vastly easier than s 


world whose few last inhabitants are 
fighting, inch by inch, a losing battle against 
the spectre of thirst, which will finally 
achieve their extinction. Confined to a 
few lines and spots, their very oceans 
liaving been deserted by their water and 
become deserts, these brave, united; re- 
sourceful, provident folk have constructed 
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TUI-: WATCHMAN OC MAKS AND HIS ORKAT 
I’l'iifcssor IaiwcII in tlic lie liiniMll Imill .it "In 

f)n earth, just as it would be vastly more 
dilhcult on gigantic JupitiM*. 

Many other considerations are involved, 
nianv more facts and confirmations aie le- 
quired. Hut whatever the ultimate verdict 
mav be, science and imagination alike must 
ever be intlebted to thi. Cjiierent, logical, 
and affecting account outbc drama which 
Lowell has witnesseiy#Jmiagine(l uiK>n 
our neighbour’s surfiJlM' drama ol a 


TKI-KSCOl’K ON THK HiaclHTS OK AKI/.ONA 
le ho has for ovor Uvciily yoars slmlioil iho tiiovoinotil-. ol Mars 

a system of canals which lead the water 
from their pnhir caps to fertilise what it 
may of their temperate /ones. When at last 
the water fails they will disappear, as many 
an earthly civilisation has disaj)peared, 
leaving these monuments oi their greatness 
for tlie admiration at some far day — nay, 
for the imitation- of another anil alien but 
neighbourly race, born of a younger mother 
whom we call the Earth. 



WORLDS EV6L^|^NG BEFORE OUR EYES 





A WONDF-RKUL I'llf 'TOC.RAPII OF A NKUULA FROM WHICH NEW WORLDS MAY EMERGE 

The mighty nebula of Andromeda, filling space for millions of miles, is a' huge area of incandescence 
such as tilt; ear lb and our solar system an* supposed to have been. From some such fiery cloud our 
tardi must have evolved, and fi^m this cloud itself are now evolving rew worlds before our eyes. 
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THE BIRTH OF THE EARTH 

The Amazing Beginning of the Flying Ball on 
which we Ride Thousands of Millions of Miles 

WHERE DID THE WORLD COME FROM? 


C OMPARED with the colossal world he But from all time little men with big 
inherits and inliabits, man is a i)i|?my. hearts and minds did tackle such ])r()bk!ms; 
Three acres and a cow suflice to feed and though their first attempts were bound 
him ; a few sods of turf suffice for his last to be futile, yet by degrees, in out! way and 
resting-place. another, they found out a great deal about 

How, then, could primitive man obtain the big planet on which they lived, 
any adequate notion of the shape and size Nor were the big hearts and minds content 
and character ot the planet wliicli whirled to know the world merely cis it is — thej 

him round the sun ? He had no telescopes, sought to see it as it was. in its baftyhood 

no motor-cars, no Mauretanias, no aero- they sought to discover when aiul whence 

planes; how could he, with eyes, and legs, it came, and how it grew. Poet? 
and chariots, and coracles, get any idea of endeavoured to imagine their way back tc 

the nature of his terrestrial home ? Know- the first beginnings, scientists and philo- 

iiig the world but fragmental ily, he fancied sophers endeavoured to reason their wa}' 

it flat like a pancake, and thought it stood back, and by the exercise of both imagina- 
still in the centre of cr3’Stal spheres which tion and reason men have learned some- 

carried the moon and the planets round it. thing of what must have happened in the 

Of such small conceptions of the world dark backward and ab\’sm of Time, 

the literature of primitive peoples is full. It is quite certain that the earth has not 

The Hindus imagined the earth borne by a always been in its present condition. Day 
huge elephant standing on a gigantic by day, year by \'car, we can watch the 
tortoise swimming in a sea of milk ; and surface of the world changing. We can 
even the wise Grt?t^ks ended it at the Pillars watch mountains tottering. glaciers 
of Hercules, and surrounded it with a misty dwindling, islands uidieax ing ; we can 
world of dreams, where golden ajiples grew watch ice and snow, and tornado and sea. 
in enchanted gardens, and lotus-eaters were and earthquake and \-olcano at their 
propl on beds of amaranth and moly.” destructive and reconstructive work ; and 
It was inevitable, perhaps. PNen now. in geology teaches us that such cliaiiges have 
these daj’S of enlightenment, we do not been occurring for ages that we cannot 
know so much about our planet as we coufit. We find the remains of ferny 
might. The writer asked an educated man tropical forests amid the Arctic and 
the other da^^ how many miles the circuin- Antarctic ice ; we find the signature of 
fercnce of the earth measured, and he glaciers on the rocks of pastoral lands ; we 
guessed about fifteen tboiisand, though find sea-shells on mountain-tops and cities 
every schoolboy ought to know that it is under the ocean. Moreover, we know that 
almost ten thousand more. Nor is it at the earth is slowly cooling down, and that 
all an uncommon thing to find pciq^le, sup- once it myst have been molten, 
posed to be educated, who believe that the Where, then, did the earth come from, 
mopnishines by its own light. and in what shape did it first appear ? 

The astonishing thing is, not that About a hundred and fifty xears ago. the 
pSmitive man should have had wrong superbly audacious nebular theory hlos- 
theories, but that primitive man should soniod in a few great minds, ;nid round 
have had the courage to theorise at all on this theory .cluster all tlie tlieories of the 
such tremendous and bewildering themes, making and shaping of the eayth. Tlie 
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idea was advanced in various forms by 
various thinkers, and is fully described in 
another part of this work, but here we may 
give an idea of its broad features as Laplace 
conceived them. 

^ According to this view of f.aplacc, all the 
members of the solar system were originally 
blended in a whirling mist of incandescent 
gases. At first the mist of fire extended be- 
yond the outermost planet of our system — 
that is to say, beyond Neptune. It must, 
therefore, have been nearly a million times 
the size of our sun. The mist cooled and 
contracted,^ and as it contracted, it spun 
faster, according to a well-known law. 
Now, if we twirl a mop faster and faster, the 
water begins to .fly off, and so. as the 


bulged Jit its equator^ and flattened at its 
poles, lind when it was made. to rotate more 
rapidly it thre^ off successive rings of oil 
which bn'ke and formed balls tliat rotated 
on Iheir own axes, and revolved round the 
central ball of oil. 

According to this audacious and magni- 
ficent notion of I.aplace, the earth, the sun, 
and all the planets were first incorporate in 
one tremendous cloud of fire, and the earth 
was once a belt round the waist of the 
whirling sun. The idea is in accordance 
with many of the facts, -and certainly 
a])peals to our imagination. We find 
Saturn at present wearing just such belts 
as La])la(:e described, and we find space 
filled with glowing, whirling nebula?. Still. 



WHAT IS IIAPPKMNG IN THE IIKAVICNS NOW — PUOTCKiKAPIIS OK WlllKLlNG SPIRAL NIOUIL.l. 


Thf.se plioto^i.'iphs of si>;hts that may he sten to-ilay tlir<}ii.t;li a lolfs. ope illnslrale llu- way in whi« h it is suppo.sfil the « arth an<l 
the solar .s>slfiii were evolved ; and they show, too, cspei-ially the rent le pirturr, the thro\\ iii^: olT from a ceiitr.d body vif hii.;'- 
masses whiL'h may he vastly hij;t;er th.iii our earth, and are properly de.seiihed as n»*\v nienihers of the company of worUh. 


rotating fire-mist spun faster, it flung off a 
belt of substance much like Saturn’s f>elt. 
The Ix'lt spun for a time, but soon broke, and 
collected into a big rotating ball — the 
planet Neptune. As the nebula still 
contracted, and still spun ever faster and 
faster, other rings were formed, conglomerat- 
ing into planets, and one of these was the 
earth. The earth, of course, continued its 
spinning, its cooling and contracting, and 
one* day as it contracted it threw off what 
is now the moon. 

A Belgian scientist invented a very 
ingenious and striking way (if illustrating 
this nebular sugge<tio 7 i. He floated a 
ball of oil in a mixture of water ai\d spirits 
of wane, and cinitrivf^d to make the oil 
revolve. As the ball cd oil revolved, it 
20 


modern scientists have found that the 
theory is not entirely satisfactory, and 
many modifications and amendments have 
been proposecl. 

The most famous of modern theories is 
the so-called “ meteoric theory,” which 
supposes the planets to have been built up 
from fragments of meteors. Between the 
planets of our solar system are swarms ol 
stones and broken meteors careering wildl>’ 
in all directions. When the larger fragments 
enter oiir atmosphere, friction with the air 
renders them incandescent, and if they are 
large enough wc. see them as what vve call 
” shooting stars.” It luis Ixmmi calculated 
1)y Professor Newton that about twenty 
million meteorites, each large enough to be 
seen as a sliooting star, enter our atmosphere 





EIGHTI MILLION HOMES IN AN IN 



BEAUTIFUL HOMES OF LIVING CREATURES BUILT L'P IN THE TACIHC OCEAN 
1 he marvellous power of life is beyond description. In these lovely lace-work shells live creatures so 
small that eight millions, shells- and all, can live together in a cubic inch. Those tiny radiokirians 
live in the Pacific Ocean, and countless myriads die every moment, falling to the ocean bed. There 
are thousands of species, all marvellously varied in form. 'Fhe llinty shells are made by the 
creatures themselves, and through their openings the jelly-like bodies put out feelers to seize food. 
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19 feal alTP^itliaratc, whether in grass or 
man, though the atoms of the bodies of 
both wera once in the soil and air, aiul 
wj]l assuredly be so again. 'I'he grass and 
the man, nevta tlieless, are real and separate, 
so, everywhere and always, is life. 
It all the earth’s laws; it creates 

HO atoms and destroys none : it 
creates no energy and destroys 
none; it is part of theeaith, born 
of the earth, andst'cins to ri'tnrn to 
the earth as a wave to the sea, but 
with all this it reconeilii's and 
achieves an iiule]H'n<leiu:t' and 
originality, J)iii ]m)S(' and a power 
which are all its own, and none 
other’s. 

• Let ns be (piile sun* that this life 
of which wt‘ speak is a vvvy real 
;and very vifal thing. Sciences has 
^.positive record, in the rocks, of an 
■'earthly ])eriod when there was no 
life at all, and ]ih‘ now teems ex erv- 
\('here. Jt cannot do without ci^r- 
tain conditions, but if tht'se be 
granted its capacities are (Mulless. 

Tt was born in water, and all lih‘ 
is li\’('d in watta*. The sea, and all waters 
not too salt, are crammed with lii(^ today. 
Hut w'atCM* contains little (cwgen, ctnd life 
desir^^’s intensity, and for that j)nrpose a 
rjej^or’ snp|)ly of air. It has therefon* left 
' the WMtci ])robably by the. route of the 
beacii and has 
established it- 
self in lilt; air. 
tliough its 
primal neetl lor 
water remains, 
and ex'crv air- 
breathing thing 
is wit liiii a short 
, time of tl> ing of 
tliirst. The \'ery 
, bird of i In* air is 
a manilestation 
of life living in 
water whit'h, 
indeed, etmsti- 
, tutessoinethre(‘- 
fou r t hs of its 
bodily su])stance 
r — and (lie blood 
of man and his 
^allies resenil)l(;s in its saline coiuposilion that 
of tlie primitive si i lV'*n: which man’s 
;TailCestors emerge ^d. That lilu, m\able to live 
Except in watei, should leave its native 
^ome for llv* dr. ami ytd survive, is one of 
miracles with which its liistory alxr’nds 

u 


More wddely still consid.ercd, life presents 
tlie spectacle of marching down two great 
avenues, each of which, in its way, makes 
for more life and fuller. All <*\cept tht' 
Jiumblest living things arc eitlier plants or 
animals. Both are equally aliv(\ both are 
made of cells tilled with living protoplasm, 
both live their lives in water ; and 
witliont ])lants tliere w’onld he no 
animals. Hnt their vital methods 
are v'ery different. The plant is 
content to be just a vegetable, to 
slay where it linds itself, and leed 
ami breathe on what the movements 
of soil and wind and water bring to 
it. The animal is for a shorter and 
inlenser life; aiul since this in- 
volves a special typt^ r)f fo(Hl, not 
(everywhere to be* found, tin* animal 
mnsi go in se'arch of w’hat it m^eds. 
I'hese twoeontrarv forms of life ait* 
found everywhere at (*\’ery lewl 
in tlu; S(‘a, in every part of tin* land, 
high on the sides ot moiinlaiiis. uinl 
tin* very air is inhabiti'd by bireh 
and inserts and tin* llv’ing seeds *>1 
plants, s(‘(’king a spot lor tin* lile* 
of tin* new’ gt‘nei‘u( ion. 

“ In tw'o main shapes,” says Stexenson, 
” this (M'liption eox’ers the ('ounlenanei* ol 
tin* earth, the animal and tin' X’«*gvtal)le, 
one in souk* degre'c tin* inve‘rsion ol tli<‘ 
otlu‘r, the seca)nd rooted to tin* spot ; tlie 

lirsl ‘-oming 
(U'taehcd out ol 
its natal mud, 
und S('m l ying 
al)road xx it li lln* 
myiiad U'oL ot 
i n s e (' t s , or 
toxx’eiiiig into 
lln^ ln*a\ens on 
the xvings ol a 
bii’d a thing so 
i n (' () n ('(‘ivahle 
that, if it he 
well eonsiderc'd. 
the heart stops. 
Meanxvhile our 
rolatoiy iskind, 
loaded xx ilh pri‘- 
(latory life, and 
more drenched 
XV i t h bio o (I . 
both animal and vegetable, than ever 
irmtinied ship, scuds through space with 
unimaginable speed, and turns alternate 
clieeks to the reverberation of a blazing 
world, ninety million miles away.” 

There are eighty thousami kinds of 



A WAii-.K i*.i:ar 

I’oiui.l .-ili\i- ill l.iii;*.' 
iitiiiil i-is ill ill*- it'.'ifiiiN 
IX .11 llu* >Olllll 



'I’lirsf :m<' llu* Imli: i rraiuivs, iiivisiblt; to (hf t*yc, \v}ii« li j^ivi* llu* pink tint l<j llu* 
••iiuw iii-.'ir llir Smith ihi-y wito iihiitu'^raphi-d by ihu. Sh:i«.kh:ti>i) 

cApriiitioii. Neiiljci fm /iiij; nor lu::ii iieai to lioiliiij' scciiis ti> kill iluiiii. 
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every iweniy-iour^nours, and the sun is 
probably pelted with them. Comets, too, 
are probably swarms of stpnes. 

This theory supposes that nebuhe are not 
incandescent gases, but swarms of such 
stones banging about in an atmosphere of 
hydrogen. The stones dash hither and 
i hither, colliding and clashing against each 
other. Some arc converted into gas, some 
into molten metal, by the heat of the 
collision, and gradually they come together 
in larger stony masses, which attract other 
stones by gravitation 

The exact way in which the planets arc 
formed and set in their courses has not yet 
been worked out. Some hold that the stones 
dart about in all directions ; others believe 
that they revolve in definite orbits round 
a central mass, and collide only where their 
orbift intersect. 

In any case, 
tlie ultimate 
result is a mim- 
ber of molten 
massive bodies. 

\Mietlier we 
choose to believe 
that the earth 
was formed from 
a cooling fire- 
mist, or from a 
hailstorm of 
stones, our 
i m ag i n a t i on 
must be kindled 
by the sublime 
audacity of the 
conception . 

Equally wonder- 
ful is the jncture 
of the earth 
emerging from a 
fiery cloud, or the picture of the earth 
battered and bombarded into existence by 
volleys of red-hot stones. 

One more suggestion may be mentioned 
before we leave the subject. A few years 
ago Professor J. H. Jeans proved mathe- 
matically that a spherical nebula slowly 
revolving in a hot state must assume a 
pt'ar-shapc as it contracts, since it will 
cool more quickly on its surface, and must 
revolve more rapidly as it shrinks. Eventu- 
ally there would be a tendency lor the 
pear-point to fly off, especially if attracted 
hy passing bodies ; and so the consecutive 
formation of the planets might be explained, 
particularly the birth of the moon. 

Earth bore the moon at least fifty-six 
niillion years ^ age ; and it is: very likely 


that at that time the earth was a 
shaped mass of molten matter, whirlin^i 
round the sun, and that the pull of 
sun wrenched off the point of the 
making a huge hole about twenty-sevei|2 

miles deep, which has since becoi]je tiie 
bed of the Pacific Ocean. There is 
opportunity for the imagination— the 
Pacific Ocean singing and surging in 
scar in the earth's side, whence was torn; 
the moon, and the moon tugging at the sea', 
and giving it its rhythmic tides ! Thmlj^, 
of the hot steam condensing and boilingi 
and bubbling in a terrific chasm twenty*; 
seven miles deep, and how now 
The gentle moon, that nothing doth but shine. 
Pulls £ill the labouring surges of the world. 

When the moon was wrenched off in 
this way, the earth was spinning at a tre- 
mendous rate, sp„ 
fast that night 
and day suc- 
ceeded each 
other every few. 
hours, and the 
earth imparted 
such velocity;; 
and momentum 
to the moon that, 
the moon rushed 
headlong 
through the 
cloudy Iicavens, 
risingVnd setting 
perhaps six 
times a day. A 
magnificent 
sight the moon 
must then have 
been, for it was 
only about ten 
thousand miles 
away ; its enormous volcanoes, in full 
fierce eruption, must have been quite visible 
from the earth. That is to say. men might 
have seen fires burning on the moon. Then, 
too, it revolved on its axis, and showed to 
the earth its other mysterious side, 
" unguessed of mortals.” 

The tempests and tides must have been 
prodigious then, owing to the rapidity of the 
earth’s rotation at that time and the 
nearness of the moon, and Sir Robert 
Ball has calculated that in early geological 
times the tides were over six hundred 
feet high, or higher than the huge chalk 
cliffs rising from the sea at Beachy Head. 

Now tlie moon is 2^8,000 miles away ; 
its volcanoes arc extinct ; it has forgotten 
how to spin ; it moves with leisured pace ; 



DOliS THE PACIFIC OCEAN ^OLL IN THE BED OF TIIE MOON ? 


Oiu: of the thc<»ric.s of the ni:iking of the e;irlh, not widely .arc cplcd peihaps, is that 
\\ hen the earth was pear-shapetl, rcMitrifu’^al foree wr?nc-hed utT the point of the 
pear as it whirled round and round, making a huge hole about 27 miles deep, in 
which the Pacific Ocean now rolls. 
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and its tidal action is inodcralo. Kiit \vc, 
must look on it with respect and awe when 
we remember the story of its birth, and the 
fiery volcanic encr^\- of its youth. 

WluMi the <'arth cooled down to a t('m- 
perature of about i.jotnlej^KU's (c('nti!L;rade) it 
acquired a solid crust, aiul when the laust 
fell to a temperature of \yo d(*!^re(‘S it 
began to condense steam out of its atrno- 
spliere. Wild, fierce days these must liave 
been -days of molten metal in reii-hol 
cauldrons, of lightning and thundtT, of cartli- 
quakes and volcanoi'S. Reilus giv(‘S a 
vivid picture of tliese lirst davs of tlu' earth : 
“ Wlien the temperature was loweri'd siifli- 
ciently to enable tluan to pass from a gaseous 
to a liquid state, nu tals 
and other substances 
would fall down in a. fiery 
rain on the terrestrial 
lava. Ne.\t the sleain, 
confined entirely to tlu' 

Higher regions of the 
gaseous mass, would bt‘ 
condensed into an im- 
mense layer of clouds, 
incessantly furrowc'd by 
lightning. I)ro])s of 
water, the big inning of 
the atmosphi’iii' ocean, 
would begin to fall 
down towards the 
ground, but only to 
volatilise on their way 
and again asceml. 

Finally, these little 
drops reached the sur- 
face of the terrestrial 
mass, the teiupeiature 
of till' water nuK'h ex- 
ceeding 100 degrees, 
owang to the enoi moiis 
pressure exenised by 
the heavy air ot these ages: and the 
first pool, th(' rudiment of a great sea. was 
colhicted ill some great tissure of the lava. 
This pool was eoustantly luireased by 
fresh tails of watc!', and ultimately sur- 
rounded ntxirly the- whole of the teri estrial 
crust with a liquid covering : but at the 
same time it . brought with it fresh 

elements for the constitution of futuri' 
continents. 'fhe nnmerfms substances 
which the w\at(T held in solution lormoil 
various eoinhinali.;: ^ w'ith tla- m* 'als and 
solids of its b(Ml ; the cnirenls and teiuj^ests 
wliich agitatf'd it de ,t: oyed its slioies only to 
form new ones; the sediment at tJie bottom of 
the water began llie scrii'sof rock an-' ^^trata 
Wliich follow one another above the crust." 


Such, then, is the li 'story of the fiery, 
tuibuleiit ])asl of the earth. What do wc 
know^ about its more ])rosaic present ? 

Astronmnically and socially S]H‘aking, the 
earth is a member of the solar system. 
Spinning on its own jxilar axis as it goes, 
it journeys round the sun along with 
Mc'rcury, V'l'ims, Mars. Jupiter, Saturn, 
Uranus, and N(g>tnne, and it is placed quite 
apjuopriately between Venus and Mars. 
It is almost round, but not quite, for it 
Hattons out a little at the poles, and bulges 
a lit til' at its equator. Its polar diameter 
is 7.<Sqq miles, and its equatorial diameter 
about t wi'nly-sCvi'n miles more. Its gri‘atest 
circumference is nearly 25,()()() miles. I is 
general substance is vi'i y 
df'iise, about twhee as 
dense as granite and 
about five timi'S as*d(‘nse 
as water, contrasting in 
Ibis respect w'itb Saturn 
and Neptune, w’hich an* 
as light as cork. 

('()m]>aivd with otbei 
iieavenly bodies, the 
earth is not large. It is 
larger than Mercury and 
Mars and Viams, but it 
is only a ])ea to a 
]')um]>kin compared with 
Jupiter, and only a 
midge to a mammoth 
compared with the sun. 

Nor is the earth’s pace 
anything exceptional. 
In ilays it cc)mi)li'tes 
a n o r 1) i t of o v e r 
580,000,000 miles, so 
that it averages i(S niih's 
a second, w’hich is to say 
that it flashes through 
space about fifty times 
as fast as a rille-bnllet , and about a thousand 
times as fast as an express train. Not a bad 
pace, it may be said, but Venus and Mercury 
both go faster, and Arctiirus goes nearly 
tw'o hnmlred miles a second. 

Not its size nor its speed, but its burden, 
is the boast of the earth. Whether it be 
the only planet that is the chariot of living 
things \ve do not know, but certainly it 
is the only planet that bears roses and 
trees and cabbages, beasts and birds and 
men. It is true that regular lines that 
are tliouglit by some to l)e canals have 
been discerned on Mars ; and botli as- 
tronomers and novelists have been fain to 
imagine Martians; but, however Mars bc- 
whether there be life on her or not — it is 



uow' Tin-: sur.vnk j.)ow'n 

'V)if t.irtli |iri\r lice!i m^ny thous.imls uf' tiiiics its 

jircst'iU si/e liffoie it i.ooleil eiioutih to he. llie 

litiiiK- of lifr. 'I’his ju( lure shows its proh.tl>le appc;irrini;n 
.»S .1 of fury .:as; the small clol ]iel<»w reju 1 seiils 

tie: e.u th .'•'I we know it. now th.it it ha-, .‘ht unk \\ ithin its* .-If. 
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rn tain that the life wo live cannot f)0 tlioro, 
;in(l that earth alow' mothi'rs nu ii. 

Konnd trio sun speeds the eiirih ; hut tin* 
sun itself is not standin;^ ^till : with all its 
retinue of ])lanets it is rushinj< at a vMv, 
of ten inih's a st'cond towards tin* eonstrlla- 
tion of Lyia. Every 3’('ar it is about thrt‘(i 


and who knows for r.oin]>leti*ly round 


million miles nearci* ; 
how many yt'ars it has 
h('(*n rusiiinf^ towards 
its ;<oal ? Pei haps in 
a million years it will 
airive there*. Hut 
meantime our little 
solar system is isolated 
ill sjiace like a rock in 
the ('('litre of the 
Atlantic Ocean. 

•SiK'h. then, are the 
astronomical cliai ac- 
ters such, tin'll, is the 
rajiid, rushin.i; every- 
day lil(‘ of tin* earth. 

Wiiy tin* earth sjiins on. ..t 
and ri'volves. why all 
the planets spin and 
revolvi', w(' do not know, further than that 
in tlu'ir orbital revolutions they obey the 
same laws, and tall at the same rate, with 
the same momentum, as a lalliiii'- apph*. 
Tile moon fulls round the earth, tlie earth 
falls round the sun, an ap])le falls to the 
j^round. tEn thouj.*h we do 
stand the force of i^iavitv 
the particular motions 
that niaki's moons 
and apjiles tall, and 
pendnlmns swinj^', and 
i)ullets d(’scribe tin* 
cuivis called para- 
bolas wt' do know 
that it is this forct* that 
holds the universe 
t Olivet h('r; w(' know 

that it it were stron^i'r 
the earth would fall 
into the sun; we 
know that it it wen* 
wt‘ak(‘r the earih wouhl 
lly off at a tangent like* 
a stone from a sling; 
and we know, too. 

that to the earth’s inhabitants the (.'artirs 
treiiK'ndous motions havi' momentous con- 
^e(|uences. It is the rotation of the earth 
on its axis that gives us day and night, aiul 
Uade winds, and all that thes«* mean ; 
it is the revolution of the (‘arth round the 
sun that gives us our S('a.sons, and all that 
they imply Let us look at llu* motions of 


not 

that 


muU'r- 

caiises 


THE EAR'l’H 

the ('arth a littU* more in detail, considering 
what they mean. 

h'iist, let us look a1 the earth’s rotation 
on its own axis. 'I'he axis round which 
th('. ('arth revolves is a line j)assing betw('en 
its tw() ])ol('s. Round this axis it rotates 
eastward, at such a pac(' that it» turns 
in twenty-f(.)ur hours. 
I'liis inean.s that any 
point on the ('arth’s 
surlaca' at the ('(juatoi 
rotates eastwards at 
th(‘ rat(' of 507 yards 
a se('ond. But the 
axis of^ rotation of 
1h(‘ earth is not per- 
p(‘ndicular to the 
])lan(‘ of its revolution 
round the sun ; it is 
tilted in a ('ertain 
din'ction laTitive to 
sj)ace. The result ot 
tliis is that each pv>le in 
turn ]>oints towards 
th(‘ sun, and then 
gradually point .s away 
from it again as may be illustrated by 
moving a lianing j)(“n round an ink-bottle, 
and ('onsidering the nib tin* South PoK* 
and tlu' otlK'i* end tin* Xorth Pole. The 
n'sult of this m()\'(*m(‘nt is that at any 
point in the (‘nrth’s iH'volution the Xorthein 
or Southern 1 lemisplu'it* will liavi* more 
sunlight at a particular time acc'ording to the 



A I'lCTCKK Ol' A MOl.ll-..\ WOKI.I) 

I'.'iitli's liist tilt I oiiip.itiioM-. ill ii*-t thf •‘Mil. 

lupilrr, is iii»\v ill a iin>l(rti •'t.it#*, .is w.iv tin- i.utii. li iiiusi 

IudIvimI likt.' this ill |]i<; (l.i\s Im fi.ir ii ! fiiti' il l;s, swliii i III r. 



R 1 X(;S niAl tiO KOI NI) A W'OKl.n 

S.itiii 11. I nil- »>f !• .11 til s V, |■|||•.•a•-s hn j. m; iu-\’ t In i 

sp.il f iii^iili- iiusti'iiiMis iiii.:s tli.it .ill- pt.ili.ililv uiaiif up ii!' 

iiu-l«-ni itfs. 'I’luiii>;li sivn.il tiiiwsas ] .i-n tlir c.nlli. llu* pk. u r 
is iiiailr Ilf iii.iltiM .->> Iii;lil tli.it ^.itni.i \\'>iil«l liisit in \\.ii'.-i. 


direction of the tilt of 
its poll' n'lativelv to 
till' sun. When the 
Xorth l^)le points 
most towards the sun. 
the northern jiolar 
regions will hav(' ]'»ei- 
l)etual daylight and a 
midnight sun, and the 
Xoi them 1 It'inisphere 
will enjoy its sumnu'r ; 
while tlu* South Pole 
and tlu* Southern 
1 lemispliere. h'aning 
away fiiiin the sun. 
will b(' enduring their 
winter, with shorttT 
da\ light or witlutut 

any da\light at all. 

As ('ach pole in turn graLluallv ap]>roaches 
and gradually reci'des from the snn. theie 
must be points in the orbit ol the earth 
where both are an equal ilisiaiice lioin the 
sun. At tln.'se points night and day will be 
e(pial to ('ach oIIk'i in both tlu* Xdirtln'm 
and Southein Hemispln*res. and so we gel 
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the “ equal uiKhts.” which we call the spring 
and aulumn equinoxes. 

It llnre were no tilting.; of the a.xis of 
rotation of tin* earth, if it s])iiii “ straij^ht 
up and dowii/’ so to say, both ])o]os and 
hgth li(*misphei'es would always be ecpially 
expos(^l to the sun. and there would be no 
s(*asons, and day and ni^dit would be equal 
all over the world twelve hours night, and 
twelve hours day. 

Our seasons, then, and the varying 
])rop()rtions of day and night, and the 
lu ressary eonsef|neuees of the se things, are 
due to th(' tilting of the (‘artli’s axis of rota- 
tion. d'he til* of the (‘arth’s axis of rotation 
is not (juite st(‘ady and eonstant ; it sways a 
little; and deseuibes a conical movement, 
a little like; a wobbly spinning-top, se) that 
its |)oles make* small eircles and point in 
eireailai' suee'e-ssion te) different stars. Tt 
lakes 2i,e>e)e) ye‘ars tei sway rejunel a circle, 
riie* swaying ol the axis is due to the* attrac- 
tieiii e)f the sun anel moe)n ae ling on a body 
iTof pe“i fe‘cll\' round, but bulging. 

llesieles this e'oiiie'.'d mot ion the^re is adirect 
oscillation to anel fro of the earth’s axis e)f ro- 
tatie)!!, so that at time s t he earth s])ins me)re 
e re'ct than at eithe r times. 'I'he re suit, of 
e-eMUS(‘, is to alt(‘r the* j)roportionate‘ leaigth eif 
elav and night at all seasons e)\'er meist eif the 
globe*. \Vhe*n the* axis is most tilte'd the* ])olar 
re*gie)ns e*njoy about (S.\ days meire* sunshine. 

'rims emr e'arth sjiiiis anel weibbles anel 
nexls em its journe*y tbreaigh the hexivens. 

Now let US look at t he* second gre’at motiem* 
ol the* <*arth its ie*volulion round the* sun. 

In its e*e)Uise* round the; sun the e*artli 
describes an e*llipse. neit a true* e'ircle*, and 
the* sun is plaercl at erne* of the* focus-peiints 
ol the* ellijise that is tei say. not at its 
e*xae't e-e*ntn'. Accordingly the earth in its 
e’ire'uit anproache*s and re*ce'eles from the^ 
sun. At jireseut at its ue*are’st ]K)int it is 


and Jupiter, and at intervals of two or 
thre*e hunelre*el themsanel^years gi'cat r;ccem- 
tricities lake place*, so tliat the eliffcrcnce 
betvve*(‘n the neavest anel farthest points 
may beceime* as much as 14,000,000 miles. 

Summer and winter do not depend on 
the earth’s distance from the sun, but on 
the tilting of the earth’s axis. If the 
Nortli Pede lean away from the sun, it will 
be winter in the Nhirthern Hemisphe^re, 
whether the; sun be near or far ; and if it 
lean te)war(ls the sun, it will be summer in 
the Neirthern Ileanisphere, whether the sun 
be near or far. At ']>reseut the North Pejle 
is tilted towards the sun when the earth 
is farthest away, and se) we in the Northern 
ll(*misphere have summer when we are 
farthest Iremi the sun ; and the o])i)f)site 
ivlatieinship obtains in the Seuithenn lienii- 
S])he*re. Hut w'e must ce)nsieler this c]uestie)n 
when we come to speak e)f climate ; the 
main facts to be not eel now are that the; 
e*arth me)ve's in a variable elli])se, and is 
tilt<*el e)ii its axis tei a varying ele*giTe. 

Such, then, is the earth as w’e neiw' know 
it an oblate* s|)he*roid e)f great density 
spinning rapielly em a tilteel axis as it rushes 
at the rate of e*ighte'e*n mile's a se*cond remnel 
the sun. Such, then, is the e‘arth, \ve)bbling 
a little as it s|)ins, and be'e-oming ratht*r 
ee'centric now and again wh(‘n attracte.'el by 
Ve*nus and ju])ile‘r. 

We have* s})()k'‘n of the me^tieuis of the 
e'arth in the*ir re*lations te) light anel elarkne^ss, 
summer anel winte'r, but it is too e)fte*n for- 
got te*n that the'se* motions may have vital 
signilicance's - must, ineleed, have* \'ital sig- 
nificance's of which we know neithing. 
The terrific care'e'r of the* plane*ts threiugh 
spaee* must have infinite conseepie'iiees. 
'riiink he)W the* e*arth spins on its axis anel 
flashes eightee*n mile's a se‘ce)nd thre)ugli the 
ethe*r ! It is ce'rtain that that me)tie)n must 



e)i.J5().()oo mile's from the sun, and at its 
larthost point it is oc . a\va\. 

It is ne*e'e‘ssary to s.iy c/ be*causc 

the* ellipse described b\ die earth is liable 
tei be altered 'n the attrae'tieiii of Venus 


affect light, ele;ctriciiy, gravitation, anel all 
forces that we know eni the; surface of the 
earth. Suppe^se it we;re possible fe)r the 
earth to stand still, can anye)ne believe that 
light anel heat, and all the waves of ether 
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A NKJUn.A I NAT NO MAN HAS SJCICN A NKHULA IMMEKSKO IN STREAMS OF STARS 


'I’lic pljoiour.iplis ilUjsiniiiii” ilii .sartit li* WLtr tnkt-n throu.i:li the famous trlesrope at Vcikcs Observatory, ChicaRo, by Mr. G. W 
UmiM'i, i xcept that oiitlicb.fi of (bis pai^c. I'liis plio<oj;iapb, taken by Mr. K. K. Ikiniaid, can only be sludietl pliotoKraphically, 

bcini; too faint to be seen even tiirouKli th*i ttlesrope. 


])roci‘f(linf^ from the sun, would not liavo 
consequences quite different ? The motions 
of the earth, then, must b(‘ considered not 
only ;is the causes of niKht and day, summer 
and winter, and trade winds, but as also a 
lactor in all the j^reat world-forces which 
have cosmic relations. 

Man, as we said at the be^inninpf, is a 
])iij;my com]>ared with the world he in- 
liabits ; but let us never foi\uel that, big 
though the world b(‘ compared with the 
creatures it carries, it is yet but a S]n'('k 
compareil with the colossal massts with 
which all spact' is strewn. 'I'he earth is 
It'ss than one-millionth ])art of the sizi' of the 
sun ; yet the smallest lu’buhe we know are 
larger than the sun. and some of the 
larger nebula* confound imagination. The 
(‘arlh,” writes Sir Robert Ball. “ sweeps 
around the sun in a mighty path, whose 
diameter is not less than iS^.qoo.ooo miles. 
J.et us imagine a sphere so mighty that tin* 
circle would form just such a girdle round 
its equator, and let this gigantic globe be 
the measure wherewith to compare the 
hulk of the vast nebula of Orion. It can 
he demonstrated that a million of thest? 
mighty globes rolled into one would not 
equal the great nebula in bulk, though 
how much greater than this the nebula 
may really be vc have ro me ins of ascer- 
taining.’’ yet the ne^ ula of. Oron is only 
a shred compared wit i the Milky Way 1 


And s])ace is thronged with enormous 
niiisses of which earth is one, one of a host 
unthinkable millions and millions of 
shining suns, and millions and millions and 
millions of burnt-out suns ; lor luminous 
suns are merely the glow-worms and firellies 
of space, and comparatively (juite as rare. 

We have merely glanced here at the 
general characters of the earth and its 
relation to the cosmos, but enough has 
been said to show the grandeur of the 
starry stage on which we mortals ])lay 
t)ur WiiUi parts. It rests upon us not 
merely to know, but to realise, these great 
facts to realise that the earth is not the 
earth of our visual horizons, but a great 
globe whirling through space — a great 
globe with a tiery past, one in thfi brother- 
hood of innumerable suns and stars that 
people space. If we can realise this, liie 
becomes a greater aiiil diviner thing. Surely 
a nebula is large enough to burn up all the 
petty cares and fears of life. 

Well may we think of the magnificent 
lines of the ancient poet — 

“ Where was! thou when 1 laid the ^ounda* 
tioii.s of the earth ? Declare, if thou 
hast understanding. Who hath laid the 
measures thereof, if thou knowest ? or who 
hath stretched the line upon it ? Whereupon, 
are the foundations thereof fastened ? or who 
laid the corner-stone thereof, when the morning 
stars sang together and all the sons of God 
.shouted for joy ? ” 
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THE VOYAGE INTO AN UNKNOWN LAND. WHICH ALL MUST MAKE ACROSS THE SEAS OF TIME 



'WHERE LIES THE LAND TO WHICH THE SHIP WOULD GO FAR, FAR AHEAD, IS ALL HER SEAMEN KNOW 



GROUP 3-L»^-THE POWER THAT RUNS THROUGH ALL THINGS- CHAPTER 1 


THE MYSTERY OF MYSTERIES 

The Preparation of the Stage for the Great 
Play of Life in the Universal Theatre 

HOW LIFE SWEPT ACROSS THE EARTH 


F ‘0R ages unimaginable the universal 
forces had been building a theatre, and 
setting the stage for the play of Life— a 
drama which will reach its ap|K)inted end, 
through and beyond us, the actors and 
spectators — when the idea is fulfilled of the 
Omnipotent Author, whose power and 
])urposc arc behind the timber of the stage, 
the line and pigment of the canvas, every 
atom and iota of the setting of the scenes. 
All the world’s a stage, and all the living 
things the Author’s players. 

No image can do justice to the theme, 
but this of a drama has suggested itself 
again and again t() great thinkers and poets 
since the dawn of recorded thought. And 
the more we study the being and becoming, 
the doing and the suffering of life, the more 
do we perceive that the whole creation 
groaneth and travaileth together, Hving 
and dying, eating and eaten, pursuing ami 
pursued, begotten and begetting, loving 
and hating, in sea and soil and sky, not by 
chance, but to some destined end tinvards 
which they also serve who sec it not at all. 
This, of which human dramatists and re- 
formers are themselv'Cs the creatures, can 
scarcely be less “ a play with a purpose ” 
than any of theirs. 

To this great vision of the world-drama 
we shall return at the close of our brief bird’s- 
eye view of the action as we see it now, and 
as we can thence infer it in the acts which 
were already played before w^amc upon 
the scene. Meanwhile — failii^ a literal 
biograph which might recount ‘lor us the 
creative doings of the past — let us try to 
perceive, in the mind’s eye, the main hap- 
l^nings of this incomparable pageant. 

Briefly, they arc these. Cosmos ever 
emerges from chaos, order and structure 
from disorder and incoherence ; a fire- 
mist, a rounded world, and upon its still 


heaving and violent surface a little self- 
Cijiitained frame of life, a microcosm, or 
little cosmos ; and, hnally, the spectacle of 
ordered life in its highest form — the body of 
man, with its tremendous companion, Mind, 
incomparably and unchallengeably the 
highest thing we know. Fire-mist to earth 
is chaos to cosmos, earth to life is chaos to 
cosmos, life to mind -the billions and billions 
of cells that make up a man’s body becoming 
the vehicle of his single self is yet again 
the emergence of cosmos from relative or 
seeming chaos. Well may we speak of 
Creative Kvolution, which thus ever brings 
forth order from disorder, the high and rare 
and intangible from the low and gross. 

While we ponder on this great idea, which 
sur[)asscs the mechanical, meaningless evo- 
lution of nineteenth century thought as 
that surpassed the ‘'special creation” of its 
])redecess()rs, lot us beware of supposing 
that what appears to our eyes to be chaos 
is chaos indeed. The glowing, twirling 
nebula is only a chaos relatively to the solar 
system, the crust of the earth is a chaos 
only relatively to the plant in one of its 
crannies, the bodv of man is chaos only 
relatively to his Self. All that is was con- 
tained in all that was — nay, all that will be, 
as far beyond our imagining as Shake- 
speare’s “Hamlet” is beyond an ape’s, will 
have been contained in the seeming murk 
and muddle of the past. Order and 
law and growth and achievement are not 
really new ; man’s greatest deed of the next 
century is already, in a sense, achieved — the 
universe has been working thereto, “.without 
haste and without rest,” and without doubt 
or risk, through all the ages of the ages. 

If we should continue to err in under- 
standing This, we are without hope of ever 
finding the goal of truth. The living and 
the dying, the struggle and the mutual aid, 


embracing biology, evolution. HEREDITY. conquest of DISEASE 
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the hopes and fears, tlie cluingcs and 
chanci^s, the laws and tlui liberties of life, 
were better left unobserved and uncon- 
sidered if we are to sii])pose that they are 
of the nature of a lluke, a kind of accident or 
'TTiseii^e afHicting the earth’s surface, and by 
no means an integral part of the universal 
scheme. So to suppose is to deny the first and 
last law of all science and all reasoning, 
which is that Causation is universal, and 
that all stages and all princesses arc equally 
necessary and natural, all alike the imme- 
diate and premeditated manifestations of 
the Power j;hat moves through all things. 
However we conceive or imagine that Power, 
in its eyes all its work is e(]ually good ; 
and if at times it seems to our eyes to excel 
itself— as in the evolution of man — let us 
not have tlu; folly to suj)]nose that its 
commonplaces are inevitable and its 
masterpieces accidents. 

Not so are any 
masterpieces m a d e , 
human or divine ; all 
alike arc but s]necial 
manifestations of the 
laws and the powers 
which operate every- 
where. And just as we 
judge a man by his 
Ix'st as we reckon best, 
so, if we are wise, shall 
we estimate the poetic 
or creative Power which 
at one time makes the 
mouth the hi])po- 

])otamus and at another 
the mind of man, but 
which is yet the same 
infinite Power at all 
times, in all places, and in all its deeds. 

It w(‘re doing poor honour to our subject 
if we did not preface it with such statements 
as thest‘. Ihit Ud us noNV proceed to survey 
thi‘ s})octacle of life taking possession of the 
stage, or mansion, or locomotive — for it is all 
these — which, through millions ot years, 
had slowly become ready for its task. 

The conditions of tlu‘ beginning must be 
studied in a succeeding chapter ; here it is 
only necessary to be assured that, notwith- 
standing the fantastic hypotheses of j)ast 
times, the life which has taken possession 
of the earth is itself the child of earth. 
That which was tiue in the begiTming, is 
now, and ever sli.d.i bt ')ther for. ns of life 
may have been boni. and may be born, on 
other ])lanets. On that we can do little 
more tlur.i ^pc'cnlate as yet. But terrestrial 
life is borix of ^.lother Earth. Of liic in all 
2d 
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its forms, from microbe up to man, earth i> 
the womb and the tomb. If life shouh 
attempt to establish itself without referenci 
to the conditions the earth imposes, it must 
fail. This is true of the tree in the wood 
and of the man in the street. F'ailure U 
recognise it is the constant tendency (jI 
civilisation ; the civilisation which doe.- 
recognise tliat the laws of life are impose- 1 
by cartli, and arc the laws of all life, will 
be the first to endure and the last to survive, 
When the time was ripe, life took posses- 
sion. Wc say it is a child of-cartli ; perha])- 
we sliould more accurately say that lih*. 
like the fabled beauty of the ancients, wa- 
born of the sea. Our ])resent concern is m 
more than to realise tliat, some time aftei 
the surface of the earth cooled siitticienth 
for water to exist in liquid form, but 
certainly not before, life was born. TIk 
metaphor of birth 
more than obviouslx 
appropriate to the com- 
.ng of life ; it suggest^; 
the truth ii]K)n which wr 
have already insisteil. 
that this was not tlie a])- 
pearanco of a new tliini.^ 
from nowhere, but tin 
coming to birth of that 
which Earth had carried 
within her womb sinci 
she was earth at all. 

Instantly, if we max 
judge at all by the con- 
sistent behavioui* of all 
tlie forms of life that xxr 
now knoxv, life took pos- 
session of its planet. 
With its original and in- 
exliaustible genius, it created new forms to 
suit an almost infinite variety of terrestrial 
circumstances. To-day the earth literally 
teems with life wherever the “ irrcdiicibk* 
minimum ” of conditions is complied 
with. So rapid and thorough is the pene- 
tration of new life whenever it obtains 
new chance — as when the rabbit is intro- 
duced into Australia, or tlie microbe 
of ])lague into Manchuria, or some 
Eurojican weed into American streams 
- -tl'.at we may reasonably suppose this 
teeiiiiiig state of life to have been 
established with extreme speed after 
the first coming of life at all, and to 
have been the condition of our planet evei 
since. 

The forms have been various indeed ; tin* 
degree and what we may call the intensitx* 
of life may have varied, as when we compare 
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lie ox and the tiger, or almost any ]dant 
/ith almost any animal ; but tlie exten- 
iveness of life is of old standing, and 
othing can resist it ii the conditions 
{ its nourishment be complied with. 

Life cannot grow in the waterless desert, 
or in carbolic acid, nor in an atmosphere 
f nitrogen — exce])t for some microbes which 
an get oxygen to breathe by breaking up 
omi)ounds containing it ; yet, given the 
onditions of any life at all, all the life 
)ossible will avail itself of them. To tliis 
)roposition, which has been wholly true 
mtil almost our own times, there appears 
0 be a unique and staggering exception, 


to multiply as he might, then lower forms 
of life, animal or vegetal)le, will utilise 
the space and the opportunities which he 
refuses, as, for instance, in the case of two 
recent immigrants into Australia, the white 
man and the rabbit. 

We here speak and think of life as one, 
despite the bewildering and staggering 
multii)licity and contraiit of its forms— man 
himself, and the jxarasite that causes his 
hair to become thin, the grass growing 
under his feet, and the lark flying 
overhead. Puit all life is veritably one, 
the laws of any life are the laws of all life, 
and all living things are brothers and 
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wholly without any parallel. in the animal 
or the vegetable world, furnished by those 
human communities whose members do 
not multiply, even though food and room 
be available. Apart from this exception, 
which involves the destiny of mankind 
as nearly as anything that can be named, 
it is and always has l)een universally true 
that life irresistible must go everywhere ; 
and indeed, having concpiered the earth, 
begins to wonder, in the mind of its pro- 
tagonist man, whether it may not compier 
other worlds as well. 

This exception seems a real one, but life, 
is not mocked, even by man. If man, 
in his unparalleled fashion, does not choose 
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sisters, or cousins at the least. Job said 
that man is a worm, and modern science 
knows that he is historically descendcil from 
a worm-like form. If tliiTe were no 
microbes there would be no man, for the 
earth would be an uninhabitabU‘ cliarnel 
house without their ceaseless labours ()f 
j/utrefaction and fermentation, by which 
the earth is kept ever clean and sweet for 
new life. If there were no man, again, many 
recent forms of. microbes, which can only 
live inside his body, would not exist. Thus, 
though the struggle for life between the 
man and the microbes may not appear 
fraternal, it is inevitably fratricidal ; 
struggle though they may, they are mutually 
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dependent brothers. Again, “ all flesh is 
grass in the profound sense that, but for 
the grass and its chemistry, there would be 
no food for animals, and therefore no 
flesh — which is as true of human flesh as of 
' ‘Wvine ; of the meat-eater as of the vegetarian. 

Living things may be animal or vegetable, 
large or small; they may flourish in the 
lowest and blackest depths of the ocean, 
miles below the surface, or uj3on the 
dizziest crag, like the eagle or mountain- 
ash, but they all consist of cells, they 
must all breathe or die, feed or die. Prussic 
acid, chloroform, alcohol, carbolic acid, in 
sufficient coficentration, will kill a whale 
or a microbe or an oak or a man ; and 
each of these will equally die if atoms of 
the element cjirbon, or of nitrogem, or of 
oxygen, or of phosphorus, or of hydrogen, 
be omitted from its diet. 7 

1 write in a garden, and evidence of the 
variety and the unity of life is all around 
me — birds overhead, grass under the hides 
of o.xen wtiicK . , 

I wear c)n my ' 


and surely, as the blackbird well knows, 
and I perceive that life, imperious, in- 
exhaustible, patient and impatient, frugal 
and lavish, protean and constant, is 
endeavouring to fulfil its inalienable pur- 
])oses in all of us, from the soil under my 
feet to the brain whereby I am now earning 
my children’s bread. 

Well may Bergson, the great new thinker, 
declare that there is a profound and signifi- 
cant contrast between the course of what 
we call inanimate matter, and the course of 
life. In the inorganic world the tendency 
is ever downwards, in a sense, towards the 
“dissipation of energy,” as Kelvin called 
it, towards the lowest level, as water falls 
■ — unlike the blood of man, which surges 
upwards, brainwards, from the pulling earth 
— towards the line of least resistance. Life, 
on the contrary, notwithstanding its obedi- 
ence to the universal laws, is ever pressing 
onwards and upwards. ‘ Not for it is the 
line of least resistance — it may use that line, 

and docs, but 
not for its own 


feet, count- i 
less varieties 
of vegetable 
microbes a n d 
minute animal 
forms of lift’ are 
in the soil, or 
there would be 
no grass. I am j 
eating the fruit 1 
of a tree, atid 
the pips which 
I reject stand 
for the future 
l^erpet nation of 
life, whidi is the “ comks 

first and most an orlsinal clr.wing 

constant desire of living nature, much 
more constant aiul profound, indeed, 
than the “ law of self-pivscrvation.” A 
small human child jflavs upon the grass. . 
The harsh, rei)oated cry of a blackbird in 
distress reminds mv of its young, for which 
it feais, as I do for my little daughter, 
when she starts to eat an unripe apple, the 
child of the tree beside me. I look round, 
and see the expected cat, the cause of the 
blackbird's distress. The cat has its own 
needs, for self and for its voting, and they 
conflict with the blackbird’s, as mine do 
with the object of the orange tree, whose 
offspring T am destioyi:.g. ‘1 maik the 
marvellous i|uiotness ol the cat’s approach, 
the breadth of the bony arches w'hith carry 
the musclcf whereby ‘it bites so strongly 
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intrposcs, which 
fflu* are those o T 

^ most resistance. 

' A toms disin- 
tegrate, even the 
J glories of radium 
^ depend upon its 
I destruction and 
resolution into 
simpler, lower 
forms. Rut life 
creates, con- 
structs, invents, 
fights, adapts, 
ASHORE” conquers, as- 

ccnds, and is 
not satisfied. 

This is what Bergson calls the f(lan vital,. 
which we may most briefly translate as the 
” go ’’ of life. • There is nothing like it. It 
is marvellous in tJic sprouting seed ; it 
is divine in the pioneer of thought ; 
but, whether in the acorn or in a Newton 
or a St. Francis, it is a manifestation 
and unique characteristic of what • we 
call life. We may be put hard to it to 
define the term, but there can be little 
doubt of wdiat we speak, when it displays 
such deeds as these. No doctrine which 
splits the universe into the living and the 
d^d, no doctrine -which requires a God 
who interferes in His own work, no doctrine 
wnich denies the elemental laws of physics 
^ chemistry, is necessary in order that we 
should recognise life to be something which 
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beetles alone, millions of species of^animals 
and plants, and morft are constantly coming 
into existence as life discovers new possi- 
bilities. The total numbqi of living indi- 
viduals is utterly inconceivable if we 
consider the present only, and immeasur- 
ably more so if we include the past. 
Out of apparent •nothingness and night 
came this irresistible, incomparable thing, of 
which it may well be that we see the merest 
beginning. 

All things move — rocks and crystals 
grow ; living things move and grow, too. 
Vital growth is achieved by the intake 
into the living substance of materials 
which it endows witli life, or uses for the 
purposes of life. And 
growing, living things 
devt'lop, which is a 
(Iced all tlieir own. 

All individual bodies, 
wliether a moss or 
a microbe or a man, 
are destined to die — 
as individuals. But 
they arc endowed with 
the pT)wers of reju’o- 
duction or ])arentlK)()d, 
which is another of 
the unicpic and inimit- 
able marks (d life. And 
living things may be 
moved, as other things 
may be, but they are 
also capable of move- 
ments which, though 
ever obedient to the 
laws of physics, are 
unitpie in their purpose 
ami their originality. 

Water runs downhill, 
but the heart ])umps 
the blood uphill and 
down, w’herever it is 
wanted. Light exer- 
cises a repelling force in all directions and 
u])on everything material, but the living 
moth flies towards it. An avalanche, nay, 
the earth itself, moves as it is moved, taking 
the easiest course, but a soldier or a mother, 
nay, an old male baboon, will climb uphill 
to certain death, will venture among the 
deadliest foes, to save their young. There 
is nothing that life will not dare for life. 

It is true that we may later learn how 
closely some of the attributes of life may 
be displayed in its absence. The study of 
ferments teaches us that the gap betw^een 
the living and the notrliving ii no breach 
in Nature's continuity, did we but know. 


All this we must study, but not withdut 
realising that the characteristics of life 
are not thereby diminished nor denied, 
any more than the plays of Shakespeare 
are discredited because he was once a baby. 
Things are what they are, no matter how 
completely we can trace their origin»atfa 
connections. Fools, it is true, may marvel 
at them less, but the wdse will marvel more. 
The student of life^ who must necessarily be 
the admirer of life, need not sup])ose that 
the lark's song and flight, or the sjflendour 
of the rose, w’ould be less than they are even 
supposing that man should succeed in manu- 
facturing larks or roses in the lat)orat()ry to- 
morrow. So much the better for liirn, but 
why the worse for 
the m ? VV e m a y 
rightly rhapsodise 
over life while we 
manufacture artificial 
. life in the laboratory 
— if we can; and as 
we shall some day. 

As we witness and 
w'onder, one question 
forces itself more and 
more upon us. The 
push, the “ go,” the 
tireless thrust, the in- 
exhaustible resource of 
li f(^ — for what arc; they? 
Is life as such, in what- 
ever form, an end in 
itself, or is it a means 
to an end ? 

These may be ques- 
tions wiiich we cannot 
answt'r, but it is better 
to have asked in vain 
than never to have 
asked at all, and the 
answers will yet be 
found. 

Certainly the proxi- 
mate purposes of life can be discerned. In 
Tennyson’s phrase, it is ” more life and 
fuller '' that all living things want. Whether 
intensively or extensively, life is always 
asking for more. Its courage and initiative' 
and resource, its incapacity to know when 
it is beaten, and its unfailing resurrections, 
these are definitely engaged in seeking the 
constant end of all forms of life — more life 
and fuller. In general the proposition may 
be laid down that the method of ” extensive 
culture *' always tends to be succeeded In' 
that of “intensive culture” — to borrow terms 
from the farmer. Life begins by taking hold 
everywhere, from the mountain side to the 
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depths of the ocean, over hill, over dale. 
Every species is a champion of life. Species 
may fight and eat each other in an appar- 
ently mad and wasteful fashion, but one 
and all are for the common end — more life. 

^,,Thus there gradually emerges a greater 
inthh^lty in the areas already covered— 
as a. first stage, so to say — by life of lower 
intensity. Tlie animal world supervenes 
upon the vegetable. Active fish follow 
after the seaweed, birds surpass insects, 
restless, quick-eyed carnivors tend to 
supersede the lower mammalian forms 
which munch grass all the day, until at 
last there appears the most intense and 
restless and insatiable and hungry and 
inventive of all living beings, man him- 
self, who is the master and the terror 
of all other beings— except, for a few 
more years, certain })arasites — and who 
alone, of all living forms, increases in 
numbers. He leads the “ fuller ** life in- 
deed, and as he compiers the continents 
he realises the poet’s phrase, making more 
life as well as fuller. And iiven in this 
dominant species the con(|ue.\t and the 
future are always to the most Active, the 
most intense — those who lead tlic Killest life. 

TKe Great Purpose of all Life is the 
Making of More Life 

We see the making of more life to be the 
immediate jmrposc of all life, and yet we 
are everywhere faced with the facts of 
death and murder and struggle and disease 
and starvation. If the young of tlie bird arc 
to be fed, many insects must die ; if man 
is to have bread, countless millions of young 
wheat-embryos must be sacrificed ; the 
big fishes cat the little fishes, and these the 
lesser still. This “ struggle for life,” or 
” struggle for existence,” is one of the great 
facts of the living work! ; and only in the 
nineteenth century did men come to see 
that it could be interpreted as serving the 
purpose of life, even through this incessant 
spectacle of murder and death. 

More astonishing still, while Darwin 
was explaining to us the struggle for exist- 
ence, Pasteur showed that by far the 
greater part of all our diseases are due to 
nothing else than a struggle for existence 
between humble forms of life — mostly 
vegetable— and our own. In fact, one of the 
modes by which life seeks to extend itself 
is the paradoxical mode of parasitism, 
which we find li.- be • general ha t of the 
living world, and one of the most wide- 
spread and constant forms of the struggle 
for existence. Every new form of life is a 
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chance for some other form of life to employ 
for its purposes, and thtts the evolution of 
new forms leads to the corresponding 
development of new forms of parasites. 

Practically the whole of disease thus 
takes an entirely new form in our mind's 
eye. It is part of evolution, part of the 
struggle for existence. » An attack of 
pneumonia is simply the rapid multiplica- 
tion, in suitable conditions of temperature 
and food supply, of a particular form of 
simple plant wiiich takes the opportunity of 
multiplying, as every living thing would do 
in similar circumstances. It is now life 
against life; incomparable man, battling 
with his chemical weapons against those of 
tlie parasitic vegetable which has found him 
a suitable home for itself and its children. 

Man’s Great Struggle Against the Living 
Enemies of Life 

While some impartial point of view can 
be imagined from wdiich the issue of this 
contest would be a matter of no concern, 
yet it is clear to us that the life of the man 
is high, and that of the parasite is low. 
Further, we are entitled to discover in all 
parasitism whatever, whether it affects us 
directly or not, a form of degeneration. 
In this struggle, therefore, our sym- 
pathies are with man and against the 
parasite; and parasites in general, though 
themselves alive and fighting for their lives, 
may be looked upon as the enemies of life, 
since they are degenerate, and their lives 
lead to nothing but the destruction of 
higher living forms. 

Thus it will be necessary for us to study 
the great world-processes of disease from 
this vital point of view, and to review the 
amazing fashion in whicli the highest foFin 
of life, which we call man, is establishing 
its hold upon the earth, and learning to 
exterminate those lower forms wdiich are 
the only living creatures that have not yet 
come completely under his sway. 

The Profound Truth of Science Spoken by 
the Greatest of Teachers 

In this, as in so many other respects, man 
demonstrates himself to be a part of living 
Nature, Ixit the part which displays the 
characteristics of life in their most marked 
form. There is no other key to the be- 
haviour, the structure, the living and the 
the selfishness and the unselfishness 
of living things but this : they are made to 
magnify and amplify life, directly or in- 
directly, in their own persons or in those of 
their descendants ; and that which is true 
of all other living forms, in their lowest as 
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well as their highest manifestations, is true 
also of man, and of man in all his aspects; 
Thus from the standpoint of the science of 
life no deeper or profound^ words were ever 
spoken than Jhose in which the greatest of 
Teachers said : “I am come that ye might 
have life, and that ye might have it more 
abundantly/* • 

The answer which is so clearly given by 
the unanimous voice of living Nature, from 
the lowest to the highest, and to which every 
attribute and character of every living 
thing, and even of death, bears witness, is 
only a proximate answer. More life and 
fuller is the purpose of all life ; but is that 
all in all ? 

Are we really to regard the ]:)rcsencc and 
maintenance of life— any kind of life— as 
an end in itself ? 

Though much is to be said for fhat view, 
it does not satisfy us. Indeed, life is never 
satisfied ; its motto is ever “ Excelsior/' 


Himself, and practising the doctrine of 
“ art for art’s sake ” as if to say the rose will 
die, but till then it is a rose, and beauty needs 
no further warrant for its existence ? 

Few there will be to content themselves 
with such an explanation. If, indee^, tliJ^ 
history of the living world be a work of artj 
we cannot admit that it is finished. Plainly 
it is not finished, as witness the struggle 
and striving of the life of man. The warnings 
of the astronomers suggest that the story 
must come to an end some day. What end, 
then ? And what of the countless millions 
who have lived and died without knowing 
or even imagining it ? ^ . 

It were wiser to be humble and silent, 
rather than essay answers to such questions 
as these. At times wc may feel as Macbeth 
did when all was lost — expressed in that 
image of drama suiting the case so well : 

To-morrow, to-morrow, and to-morrow 
Creeps in its petty pace from day to day, 
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and wc, who are, now in the van, and who 
climb as .all our ])rcdecess()rs have done, 
want to know the goal towards which we 
climb, A hundred years ago, when men 
believed that all forms of life, high and 
low, intense and sclf-conscious, sluggish 
and asleep, had been separately created as 
they were, there could not arise the question 
which can never leave the mind of the 
evolutionist to-day. He sees that life 
ascends ; he has observed the historical 
fact and progress. Once there were no 
brains upon the earth — once there was no 
motherhood. Reason an^ love have come 
out of the struggle ; and they struggle still. 
Surely there must be some “ far-off divine 
event to which the whole creation moves.” 
Or is it rather that the Author is an artist 
who iriakes wonderful and lovely things, 
ever learning by experience and excelling 


To the last syllabic of recorded time ; 

And all our ycc>terda.ys have lighted fools 
The way to dusty "death. Out, out, brief 
candle ! 

Life’s but a walking shadow, a poor player 
That struts and frets his hour upon the stage. 
And then is heard no more. It is a talc 
Told by an idiot, full of sound and fury 
Signifying nothing I 

But faith and hope and courage and 
imagination arc attributes of life, as we 
display and feel it ; they have their warrant 
as eyes and hands have ; and in >firtuc of 
.them we may say with Tennyson : 

At first, this earth, a stage so gloomed with 
woe, 

You all but sicken at the shifting scenes. 
And yet be patient. Our playwright may 
show 

In some fifth act what this wild drama 
means. 
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THE EARTH’S INVISIBLE ARlVrY 

The Battles that no Eye can see, which make 
Gardens and Forests, and Keep the Earth Alive 

I.IKK ON THE EDGE OE TWO KINGDOMS 


o discovery for a very long time, 
perlia})S none ever, lias ojiened more 
■i;,tas to the imagination, or made so much 
lilleixMice in our way of regarding many of 
he eominon things of life, as Pasteur's 
iroofs that life is present almost every- 
vher(‘, in almost everything. 

Within our bodies, and all parts of our 
)()dies, are living things innumerable, 
ighting one another; and as the better or 
he worse win. so our health is good or bad, 
.() we live or die. Pasteur was chiefly 
•onec'ined with the lih* and the struggle for 
ife that went on in the bodies of animals ; 
)iit his discoveries added much energy and 
ntcM’est to th(* nu'u of sci('nce who began 
o be engaged in the study of the earth, 
list about a giMieiatioii ago the\' came to 
I'e that the health of plants, like the health 
)t man, depimdi'd on ci'rtain forms of life 
luisible to the naked cw, living, lun ever, 
lot wiliiin the |)lant, except in certain 
ases, but in the soil. 

Recently these agricultural discoverers, if 
lii’y.inay be called so. liave made a number 
)f ni‘w tliscov('ri(>s of the reason of fertility 
n soil ; and roughly, for the moment, these 
nay be ])nt under two heads. Thev have 
uoved that most plants thrive or fail to 
lirivi^ owing to the jnesence and activity 
>f two sorts of living things in the soil. 
)ne of these is the class of funguses, some 
>1 which cling to the roots and sujiply food 
o the plants ; the others, more im])()rtant, 
ire bacteria. Both are often s|)oken of as 
he “ ilora ” of the soil, on the assumption 
nat they are both botanical rather than 
'oological. 

lh(‘se flora are all of cardinal importance 
o anyone who grows anything. They are 
Hiportanl also in many industries, in cheese- 
nuking, for example, evenin butter-making. 
Hid they are specially cultivated for these 


])urposes. But for the moment the fungus 
may be set aside and the bacteria only 
considered, as they affect tlie farmer and 
gartlener, and incidentally as they affect 
all of us who are interested in the marvels 
(jf the world about us and under our feet. 
Indeeil, the world has becoini* to our fancy 
a much more wonderful place, even in the 
last two or three years, since we have known 
of the astounding activity of life beneath 
our feet, both its warfare and its industries. 

It may be addiul that sci(*nce itself has 
become more exciting, for we seem to be 
clearly on the edge of furthei^ wonders. 
But these wonders also affect our wealth 
and comfort very closely. Through all 
ages, since men gave up the pure nomad 
life, agriculture has been the most important 
of all industries, but until this generation 
it was not in the least known why soil was 
fertile. Farmers knew with surjirising 
accuracy what things increased fertility. 
The practical knowledge has not increased 
enormously. ^ irgil and Pliny, for exampli', 
knew' that clover, instead of taking good 
out of the soil, as other cro])S do, actually 
im})rovcd the soil. The uses of manure 
and li*af-mould have* Ik’imi well understood. 
To a less degree farmers have always known 
that good results followed aeration of the 
soil and deep cultivation. 

But imtil quite recently nobody eviui 
suspected the chief cause of fertility. It is 
only within this century that they have 
know’ll with any fulness of proof how 
fertility is procured, and we may exjiect 
new" and remarkable additions to our 
knowledge within the next few' years. 
A cU)d of earth lias always been regarded 
as a singularly lifeless thing. A lifeless 
clod is almost a proverbial jihrase : and the 
clotls of all cultii ated fields were treated as 
lifeless. They had to be broken up, and 
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.nto the cultivated earth had to be put a 
certain amount of vegetable stuff, either 
decayed or green. That is, farmers, as will 
always he the case, in all probability, cither 
put manure on the land or ploughed into 
‘th<v..land a growing green crop, such as 
clover, or mustard, or what not. But now 
the followers of Pasteur, whose discoveries 
made a revolution in all science, have 
demonstrated that a clod, so far from being 
lifeless, teems with life. In any square 
inch of fertile top soil are colonies of bjicteria 
whose numbers arc reckoned in millions. 

It is an astounding thought that this 
mass of lif^ is under our foot, that the bit 
of earth between our fingers contains 
thousands, if not millions, of organisms 
which a microscope can show distinctly. 
It is still a (|uestion wludher bacteria arc 
to be called animal or vegetable, but of 
late the botanists have been making good 
their claims. The bacteria on the edge of 
the two kingdoms, and their jncsencc and 
nature, might incline an imaginative person 
to believe in the old theory of “ spontaneous 
generation,” by which, ultimately, inorganic 
or mineral stuff might become organic or 
living. But that is of no matter: what is 
of matter is that every farmer and gardener 
must now recognise the pn^sence of all 


would have astounded the founder. The 
chemical substar.C2S in the soil are one 
essential point. Another is the con- 
sistency of the^soil, its texture and close- 
ness. Sand is barren not only because it 
consists mostly of a half-useless substance, 
but because its particles are big and let the 
water through easily. The sort of soil most 
different from sand is clay. This contains 
almost everything that most plants require, 
but it is often barren enough because the 
particles are so exceedingly fine, and the 
consistency 'consequently so close, that 
neither water nor- air can find a way into 
it anyhow. 

Previously, then, students used to consider 
a clod under two aspects only ; its chemistry 
— the chemical substances out of whicli it is 
composed — and its mechanical structure. 
Now they add a third, its biology, or the 
life whicli it contains ; and this third is, 
perhaps, the most imiiortant of all facts 
concerning the soil that we have to consider. 
Certainly it is the most fascinating ; and 
tlie workers of the world are united in a hot 
hunt after the new mysteries. Discoveries 
succeed one another rapidly, and each 
opens up new possibilities of adding to the 
fertility of the ground, and therefore the 
wealth and jirohable happiness of mankind. 


this life in the ” life- 
less clod ” and act so 
as to encourage it. 

Of course, other 
things are also of ini- 
])()rtance in the clod. 
In the first ])lace it 
has to consist of 
certain chemical sub- 
stances, or else tlu' 
plant will die of starva- 
tion of its standard 
food. One of the 
really great advancis 
in farming was the 
demonstration, by Mr. 
Lawes, in the middle 
of last century, that 
these chemicals could 
be supplied directly. 
He started the whole 
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trade of artificial manures, and incidentally 
made a small fortune. Of this fortune he 
devotecl a good part to the founding of an 
institution where the soil should be sthdled. 
This institution, established near Harp- 
enden, in Hertfordshiie, is ;<n()wn as the 
Rothamsted Kxperimeiual Farm, and in 
iqoq a startling discovery in lagilul to 
bacteria was lUade there, a discovery that 
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1 The struggle for life, 
I which Darwin and 

; Wallace made clear 

i iind made popular, 

; ; grows more and more 

^ * liemendous the loWr 

f ' we go into the scale 
of life. It is fairly 

?ievere among men, 
Tx becomes a 

‘ l *binic warfare in the 

*4^ clods under our feet, 

5^ waged between 

millions of these 
; organisms which are 

neither animal noi 

] vegetable, or perhaps 
more truly are both ; 
; and whether the for- 
oscoi’ic PHOTOGRAPH 'var inclines 

to ” the side of the 

angels,” or beneficent bacteria, or the sklo 
of the malefactors, depends a great deal on 
the good or bad sense of the husbandman. 

Everything that lives, and every variety 
of everything that lives, has what botanists 
call “ an optimum” — that is, a set of cir- 
cumstances which favour it more than they 
favour anything else. Given certain supplies 
of ammonia, even tender grasses will kill 
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out the plantains. Withhold ammonia, and 
the plantains will drive out most of the 
grasses. The same thing happens under- 
ground. There is a pcrpefual and deadly 
fight between what, from our point of view, 
are good and bad organisms. A very beau- 
tiful series of experiments made recently at 
Rothamsted show how the war may be 
waged. A quantity of soil, in which the 
bacteria were 
counted, was 
sterilised by 
boiling, the 
intention being 
to kill the 
l)acteria so that 
it might be seen 
how ill or well 
plants grew 
without their 
aid.. It was 
found, to the 
great surprise 
of the experi- 
menters, that 
the plants, 
though they did 
very badly at 
first, growing 
very slowly, 
afterwards 
grew a good 
deal faster and 
better than in 
the original 
soil. The sur- 
prise vanished, 
liowever, a n d 
was succeeded 
by another and greater surprise, when it was 
found that the soil in which it had been 
thought the bacteria were killed was, in 
fact, swarming with a double luimber. 

How had this happened ? The present 
belief is this : In the warfare in the soil the 
bacteria are concpiered and devoured by the 
more highly developed organisms, known 
as protozoa. The heating of the soil had 
killed all the protozoa, but had .left a few of 
the bacteria. These, increasing at the as- 
tounding speed of which they arc capable, 
had flourished beyond measure in the com- 
plete absence of their worst enemy. Until 
their numbers were sufficient the plant had 
languished, and had flourished in double 
measure when these assistants had doubled. 

This experiment does more than suggest 
the details of a perpetual warfare. It 
proves, with a thousand other experiments, 
that the fertility of the clod is chiefly depen- 


dent on the flora ** that it contains. The 
earth to the plant is like the sea to the 
Ancient Mariner: “Water, water every- 
where, but not a drop to drink ! ” It is full 
of food that a plant requires from the 
land — it must never be forgotten how muclr^ 
the plant reciuires, not of tlie land, but of 
the sun — but the plant cannot use it. A 
field in which manure is heaped year 

after year, yet 
which, never- 
theless, lacks a 
good deal of • 
fertility, may 
be • a perfect 
storehouse of 
food, with sup- 
plies sufficient 
lor years. But 
these supplies 
are no sort of 
good unless 
t h e y are 
reduced to the 
proper state in 
which the plant 
can assimilate 
them. Indeed, 
the wealthiest 
soils, in one 
sense, may be 
the most bar- 
ren. Perhaps 
the most won- 
derful practical 
denionstrati on 
of this is to be 
seen in the east 

iiiruciturc by which the plant absorbs the elements. PrUSSia 

Vast tracks of rough and barren heath-land 
had been left rough and barren, though, as 
any chemist could have told, the land was 
full not only of inorganic food for plants, but 
of valuable humus or vegetable fibre in a 
certain condition. Efforts to make this 
desert profilable all failed till the discovery 
of the vast population of the ground was 
applied in • practical form. These tracts 
WTre found to be without the beneficent 
bacteria, and perhaps without fungus. In 
consequence, the roots and stems of what 
plants grew and died there did not decay and 
rot, as they would on a cultivated field. 
They became, instead, a sort of peat. One 
might divide the land of the world up into 
two divisions : one where buried vegetation 
decays, to the great advantage of all that is 
grown there ; the other where it becomes some 
sort of ])eat, reaching a condition in which 
the fibres are more or less well preserved 
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A niicroscojiic photograph «if a section through the root of a cabbage, showing the 
marvellously complex j 
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or iinburnl, or, at anv' rate, ii neon v^ei ted 
into plant food. Exactly as theory would 
suf'f'f'St, these barren lands wanted only 
the; right underground population. It was 
not eiiougli t(^ cause a migration, merely to 
Bct down a colony of the right cultivators. 
riu*y would have Ihhmi starved out or killed 
in c<)mp(‘tili()n with the existing pojmla- 
tion. Iiidec‘d, the reason why the barien 
tracts wen* without iKUielicent l)act(‘iia 
was that the soil did not agree w’ith them. 

The Invisible Cultivators without whose 
Help Man is as Nothing 

There an* bacl(*ria which can llourish in 
till* abs(*nc(? of air, and some of these arc 
of prinu' imj^entance in the making of 
the woild’s surface; but the farmers' 
friends demand a good many conditions 
if thev an* to llourish, including air 
and wall*!', and the absence of acidity. 
Above all elsi*, oxvgen excepted, they are 
(jiiile unabli* to livi* or work without a 
suiricii*n('v of some “ base,” which for 
|)i;actical jairposi's may be called lime or 
chalk, 'riie barrens had to be ploughed and 
harrow(‘d, they had to be limed, but this 
ilouble j)rocess was doomed t(j bo useless by 
itself, as pi'i‘vious experimenters had found. 
\\i\ may j)ra('tise the* best possible 
nu'chanical nu'ans that science suggests, 
such as di'ep culti\'aling and careful harnnv- 
ing ; we may practist* the best possibh* 
('h(‘iuical means, such as adding to the soil 
the constituents which it needs, or such as 
correcting or neutralising the acids W'i4h 
alkalies, but the ])n*cautions will be useless 
unless we also make use j)f the invisible 
cultivators. 'I'lie most remarkable ex- 
j)erieji(a*s in (ieimany follow’i'd the treating 
of till* land with small amounts of eaiTli 
Iroiu cul‘iivalt*d fields. Some similar 
i‘\j)eri(’nces have been recorded in Ireland, 
but th(‘ I ('suits th(*ie were more doubtful. 

Cnn we Persuade the Invisible Workers 
to Change their Habits? 

Oiu ol Iht* gr(*at prol«lems of the lime is 
todiseo\t*i whether tlu'se “cultivators” can 
he bri'd in tlu* laboratorv. It is clearly very 
much easier to introduce into the soil a 
phialfiil of baeleria than to cart earth 
from ])erha]is distant fields, but it is still 
not quite cleaily jiroved how far this is 
possible. The baeforia sent to South Africa 
troiU America failed, on the whole ; it was 
said be('ause they had grown ” lazy.” Tht^ 
w’ord is not perhaj^s altogether scieelific, 
blit it meant this : Foi w’l, o ason or inother 
the bacteria began ^o lose their .special 
activity— one may say skill ; and it hiay be 
that' one n a.^oti of this was that they 


obtained their supplii^j too easily. In a 
word, they indeed gn'w lazy. 

However, a great advance has been made 
recently, notabl^ in the making of recipes 
of material in which the bacteria can be 
cultivated, ('ultures in certain media have 
been very successful, and probably the time 
is corning when the laboratories will be able 
to supi)ly the right sort ot bacteria, as an 
emigration bureau i)romises to sujqdy tlu* 
right type.* of colonist. Sonu* men of science 
have claimed that they can actually change* 
the habits of bacteria, and make them bring 
ferliiriy to other plants than th(.)se which 
they naturally affect. ‘Hmv this could be* 
achieved, and what it would nu^au, may be* 
explained when tlie |)articiilar class ol 
bacteria come* under discussion. Hut it may 
be said here that if it could be proved, for 
examj)le, that nitrogen-fixing l)actt‘ria whieli 
normally live on tlie roots of leguminous 
plants only beans, clover, and the like 
coulel be induced to live also on the roots ol 
strawbeaiies- as was claimed -the* increase* 
of crops might, jicrliaps, be* enomionsK' 
e*xteiuU*d. Tills is a jiossible^ tlie*ory, l)ul it 
has not yet be*en prove'd. 

What Happens to a Branch when it Falls 
to the Ground 

Every jiractieal farmer or garde'iier. 
then, as well as the‘stude*nt , imist tliink ol 
the soil as a iilaee* full of life, and re*c()gnise* 
that the* amount of Iiis crops will depend 
very largely on the way in wliiedi be encour- 
ages the* living things. Hoeing and plough- 
ing and harrowing all affect th(*se orgiuiisnis 
in a vital degree. The adding of lime to the* 
soil, which is one* ol the most im])e)rtaiit 
fanning oi)erations, e'S])(*eiallv affects tliem. 
So dot's manure or the jilonghiiig of gre'cii 
crops into the ground. 

What is the direct weirk that these 
organisms do ? We all know that whe‘n 
leavers, or even the l)onghs of a t !(*(*, fall on 
to the grexind, they soon lose; their sha|)e 
and consistency. They are, in short, 
changed to something else. But there is no 
necessity in the nature of things that they 
should be broken up. vSoineonc has com- 
pared the breaking up of a ])iece of deael 
liougli lo the act of burning. If we burn 
a bit of wood, it disajipears into other things, 
into gases and soot and a filmy asli. Pick 
up a very much decayed twig, and it will he 
a.s light as a feather, and very likely fall to 
pieep in the hand, becoming a sort of ash. 

Like the burnt twig, it has bt?en changed 
into other things, and some of if has gone 
off in gases. The roots and stubble of corn, 
the ploughed - in weeds and manures, 
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disappear or chanf^Oj|in just such a manner. 
On the other hand, if a bough is sunk under 
mud of a pond, it may be jireserved 


almost as well as if it were soaketl througli 
with creosote or tar. Much the same thing 
may hajipen to the roots of heather ami 
other things growing on 
some barren lu‘ath. In 
oth(‘r words, to keej) up 
our comparison, in one 
eas(’ a light has lieen set 
to the wood, and in the 
other case it lias not. 
liiit the light in (piestioii 
is a living thing. 

All organic — tliat is. 
living - stuff, when it dies 
a ml is lt‘ft anywlun e near 
lh«‘ surface, is broken up, 
and is decompos(‘d by 
odmr living things which 
i'hang(' its nature and 
(‘on^isltmcv, i*ven more 
!ull\' than the worm 
( haiiges tlu‘ leaves which 
it continualK’ passes 
through its body. Tla'se 
living things, though they 
are s») small as to be 
in\’isibl{*, and so numerous 
as to ])e luicoimlable, <\\- 
C(‘pt jn hundreds, flourish 
much as highly dew- 
lop(‘d organism^ llourish. 
d'hat is to sav, thes’ 
must brt'athe and thev 
must eat. More ])reciselv, 
they ne(*d oxygen and they 
need carbo-hydrates or 
some form of sugar. ()iu‘ 
might go lurther and say 
that, like man, th(‘\’ need 
a cliangt*. 'J'o niaki* them 
travel from mie part to 
another of the same fudd 
increases tlieii’ \'igoiir. 

there are .some jH*ople 
now tanning in a [iractical 
manner, though on a small Niruoncx •* factokiks 
scale. who princijially 



It IkliI Ion;' ])ccii kiiDWii tli.'it t)K' link* Dixliili-.s on llit* 
roots .if coriain plants iiicrfaMil the fertility of the 


much what many j^eoplc ].)refer — betw'eeii 
(m) and 70 degrees Fahrenheit. 

Some sorts of bacteria can live without 
oxygen, and of these* something has to be 
said, but the benellcent bacteria which 
make fertik: crops jiossible need such 

di lions as have been de- 
scribed ; and cultivation 
from the beginning of time 
has bt't'ii designed to givt* 
these organisms the air 
and foo(l they re(|iiire, 
though it was not sus- 
peeted till about 1875 that 
this cullivatitJli liad any 
such effect, or even that 
there existed in the soil 
organisms to lie con- 
sidered. A countryman 
could scarcely read a book 
of more continii(*d interest, 
scit‘ntifically and jiracti- 
cally, Ilian Darwin’s 
“ Earthworms,” which ilo 
so vast a work in fertilising 
and changing tlie surface 
ol the country. Hut the 
bacl(‘ria, ol whicli Darwin 
had .scarc(‘ly a siisi-ucioii, 
are of a thousand times 
more importance to the 
world. We could do witli- 
out worms, but w’c could 
not do without bacteria. 

The reason whv we could 
not do witliout bacteria is 
becoming less obscure year 
by year. Up to a certain 
point, it is clear enough. 
One of the things that 
])lants need absolutely is 
nitrogen, and they can 
only get it througli their 
roots. A great man of 
science once foretold the 
ultimate starving out of 
the world owing to the 
disa])])earance of the stores 
ANowoRKKus nitixigcii, ov plant food. 
We now kiunv' that there 


sprinkling earth from om; ihXi!'‘TuKUik 


fertilise their fields by it waN ;..>i until twciii>;-rivc ycai.sa-^ this starva- 

• lliu caii.st; was iliMoxriri!. It is now known tn.iL , . , 

lilt's^ lUKluk-s ;irc full of invisiklc rroalurt-s- iiianni- tlOll, bUt lllS glOfllllV’ 
lied a lliDUsaiul linu s in the lop jiu un\ — \vhu hlia\e 1 lin 

. the powri of al.snrlm.” nilm-cii from llw air. I he lllOlCaUS I Ilf 

living niirosen is stored up in ibc miduks, which thus eSSClltial liatUlC of tllC 

^ hcooiuu a source i>f life-};ivin>; power to the plant. 


another. 


field on to 
further, these 
things in the soil must 
«’ive, so to speak, in a temjierate clime ; 

m pther words, they like a particular 
temperature, and cease to llourish the 
inonient it is much diminished or reduced. 
Ihc actual heat that they prefer is very 


plant food. If we see 
corn or almost anything else grow yellow 
in the country, it is due to iiitrdgen-starya- 
tioii, and directly it is properly fed with 
nitrogen the good healthy green colour 
returns to it. lEit the trouble is that 
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SEVEN STEPS IN THE CYCLE OF LIFE 



STM' I 

A seed Imilds 
up a pluut. 

STEP 3 

IMaiit life 
^rows tiiulbuiUls 
up animal life. 

STEP 1 

'r h e animal 
dies, and bac- 
jeria convert 
it^ nto .simple 
nitrogen, some 
escupuiK into air, 
.some returnin,; 
to the soil. 

STEP 4 

Other bacteria 
build up the 


It IS not easy to thirik 
of anything more won- I 
derful than the endless 
cycle of life by which 
the vital-power of the 
human race is sustained. 

We may divide the cycle 
into seven steps. 

The first shows the seed , 
packed with the vital 
force of life, generatini^ 
the root which absorbs 
the elements of soil and 
air; so building up a plant. 

The second step shows 
the animals which eat 
the plant, so sustaining themselves and producing ohspring 
by means of the comple.x products the plant creates. 

The animal dies, and the third step shows the begint ing 
of the marvellous scheme by which the earth wins bick 
for itself the vital force taken from it by the plants. T \c 
dead body of the anin.al is attacked by a colony of bacteri;’, 
with other agentsof putrefaction, which decompose the anima. 
matter and convert it into nitrogen, part of which escapes 
into the air as free nitrogen, wliiie the other part returns 
to the earth in the fo* m known as .dtritc ;. 

Though back in the c »rtli again, the nitrogen in the form 
of nitrites is too simp'e in kind to be of use- to plants; and 
the fourth step is the appearance upon the scene of another 
colony of haclciia, working upon the nitrites so as to build 


These pictures, are drawn to convey a graphic idea of the cycle of life, usually illustrated i diagram form ; and though they represent 
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nitrogen in the Sdil 
into plant food. 
STEP 5 

A third group 
of bacteria 
capture the free 
nitrogen from the 
air, storing it in 
nodules on root of 
plant. 

STEP 6 

The nitrogen 
builds up plant 
life again. 

sricp 7 

The soil, en- 
riched by nitro- 
gen, nourishes 
wheat, the staple 
food of m an. 

them Up richer in, oxygen, 
in the form of nitrates, 
which the plant can use. 

Into the fifth step 
comes a third colony of 
bacteria, which, in some 
marvellous way unknown 
to man, recover the nitro- 
gen that escaped into air. 
This they store in little 
nodules which they make 
on the root. In these 
nodules live these amazing 
creatures, the last link 
uniting the animal to, the 
vegetable world. 

The earth having now^ recovered its lost nitrogen, with 
the aid of its invisible army of bacteria, becomes richer in 
nitrates, and the sixth step shows the plant growing again. 

But what we may call the seventh step, and the last, is 
perhaps the most astonishing part of all this astonishing 
talc of life. It explains what the farmer means when he 
speaks of rotation of crops. A wheatficld sown with clover 
one year is vastly richer in wheat the next, because, though 
the nodules' feed the plant, they remain in the soil and give 
up the vital-pow»cr to the next crop of wheat. 

So, in these seven steps, the cycle of life is complete: 
from plant to animal and from animal to plant, conveyed by 
an army of creatures apparently on the edge of the two 
kingdoms, life runs its circle and upholds the human race. 




actual stages and processes of growth, they are, of course, without regard to scale, and represent invisible things, such as nitrogen. 
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plants will only lak(^ tli(‘ir nitrogen in a 
particular form. Tlicy will starve in the 
midst of })lenty unless ’ their food, the 
nitrogen*, is in a ])articu1ar form. Their 
food, so to speak, must be predigested. 
S]x*aking giMierally, nitrogen can only be 
absorbe<l by plants in tlu? form of nitric 
acid or nitraU; ; the work of the bacteria 
which have cliielly been studi(‘d is to supply 
this form of nitrogen to the soil. 

What they do is to seize u])on the various 
compounds of nitrogen su])plii‘d to the soil, 
and bii‘ak them u}) into simpler compounds, 
the last of which is nitric acid. In this work 
there is much sub-division of labour, one 
sj)ecies of bacti'iia doing one part of the 
work, one another. A special study has 
been made of the bacteria which an^ con- 


book on the soil, shows why corn is apt, ns 
all farmers know, to® turn yellow when 
there is a long spell of cold north and 
easterly wind. tThe reason is not that the 
wind cuts the plant, or (‘ven that it lessens 
the moisture in the soil. The jdants go 
yellow because their roots are not supjdied 
with sulheient nitrogen, just as men grow 
])ale or languid if they omit any of the 
])roper constituents of their food. They are 
starved of nitn^gen solely for this reason; 
that the bacteria do not flourish in cold 
soil, but return to vigour when the warmth 
increases ; and as they return to vigour 
the corn becomes green again. It is, in 
short, feeding itself on the nitrates whicli. 
have themselves been brought down to the 
digestible state by the beneficent bacteria. 




A MICKOSCOPTC IMIOTOORA J’ll SIIOWINO JJACTKKIA AT WORK IN TUR NOOlirK OK . \ l>r\\T 

" Up- a( w.,rk in th.-‘ Mil.o-e.i fcurtorics ” whirl, th.-y iM.ihl on tlu- r ,ois ..f n| i„ls ii, ih,- 

in r ,u .liih-,, .,S -h.ixM, „„ 41. I .,ir I hr il,,rk patilies (illiiii; thcrdls ; llu: l v-o latmr are iiitiu Ins TIils.' 

1,1 ■ .''pol.s iij ihc piiiiirc jiuJirali: llii* thaiiu'* iliiiinsir nitrifiration IIicm- 

phnloui-aphs «r,c take., at the I iortirultunil Collciic lui WomeM. at Hcvtahle, Kent 


tei lied w'ith the two liiial ■.'>te]’)s. ()ne species 
changt's ttr <T\idis(‘s the ammonia into 
nitrons itt'id, the other oxidises the nitrous 
acid into nitric acid. It is a siifficicntlv 
marvelloiis tact that lliesc jiarticiilar sorts 
of bacUnia have beiMi foiind in the h'rtile 
soils of almost ewry cduiitry in the 
world. For example, Mi. A. 1). liall, tlie 
directtM- of the Kothamsted h^xp^rimental 
.Station, has himself found bacteria of an 
identical form in virgin st)ils from Fast 
.Alrica, India, New Zealand. Kgypt, Russia, 
Monte Video, Ohio, and Sarawak. 

1 hose fiicts lu‘l]) to , a nvinibor ,)f 

practical facts about winch farnirrs and 
othi'is ha\'e many supersiiii^uis or coiitjarv 
beiiels. Mr. IhdI. in Ids admirable te.xi- 
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Another delight billy practii'al e.xamph^ 
is given in tiu* sami* ])laci*. Turnijis are a 
crop which take u|)*a v(‘ry laige amount of 
nitrogen. Nitrogen disaj)pears from tlie 
to|) soil at a very great rate in the months 
when the croj) is growing fast ; and th(' 
(piantity of nitrogen taken away by the 
croj) can l)e directly tested. All this has 
been known for a long time. But, in spiti' 
of the kiKm ledge, it has not been customary, 
Jioi is it new customary, for farmers to usi‘ 
much nitrogenous manure for their turnij) 
Cl op, and in practice the crop does quite 
well will unit it. 

Ho\y can this be ? The liabits of the 
bacleiia explain it all. Tt must be remem- 
beied that the soil is a rich storehouse of 
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food ; even the pcjorer soils arc full of 
|)lant- wealth. And* the chief ])rol)lcin is 
not so much to increase that wealth as to 
make it available — to 
mint it, as it were. In 
the case of the turnips 
it is minted indirectly 
by the cultivation, 
directly by the bacteria. 

The frequent and careful 
surface cultivation 
swarm and aerates the 
soil so admirably that 
the bacteria multiply to 
their maximum. All 
conditions fcivour them 
in their struggle for life^. 

Where they llourish the 
turnips flourish, for they 
spend their vigour in 
converting the stores of 
nitrogen into the form 
in which the turnip 
plant can eat it up. 

To give another in- 
stance, the virgin soils 
of ('anada. and of other 
countries, described 
sometimes as inex- 
haustible, are not rich 
chiefly because they 
have a great depth of 
organic mattnial. Tin* 
real reason is that for 
liave been working in th(» food supplied to 
them, and they have left vast stores of the 
nitrates that tli(‘ 



GKOWTTI WITH & WITHOUT INOCULATION 

I’rofossor IJottomley has for years hecn expcriinctitin'T in 
treainieiit of the soil for increasing; its fertility, ami the 
urim iple <'f his treatment is to infuse into the soil the 
hacleria which have the power of ohtaininu iiitroqcn fnun 
the air and storinj; it in the nodules of the plant. 'I'his 
jiii'tiiro shows the diflference hetween lutnips j;rciwn after 
inoculation by the professor’s method and turnips grown 
without it. the iiu rcascd si/e heing due to his tre.atment. 

eeiiluries bacteria this wav directly 


was in some vague way connected with the 
leguminous plants. In every country, for 
many hundred years, farmers have noticed 
that a crop of clover or 
similar plant, instead of 
taking good out of^ the 
land, as we should ex- 
pect, added wealth to it. 
Now, a ])ecnliarity of 
clover and leguminous 
plants is that they have 
little nodules, small but 
very noticeable lumps, 
along the roots ; and the 
better the citip the more 
n o d u 1 e s there a r e. 
Finally, scarcely a gene- 
l ation ago it was shown 
that these nodules are 
inhabited by colonies of 
bacteria, which make 
their way into the root 
in order to find the food 
they ncctl. But they 
give the plant more than 
they receive. They 
liave, it may be, the 
uni(iue power, certainly 
the most wonderful 
power, of taking the 
nitrogen that is at large 
in the air and “ fixing 
it. This nitrogen is in 
fed to the plant, and 
accounts for its special greenness. A clover 
plant will, for this reason, stand out vividly 
— ’ green — always 


cro})S demand. 

The liar tori a 
have had the 
right food sup- 
lilied to them, 
and they, in 
t ii r n , ha v e 
handed on otlu'r 
food to the 
plants. 

It is . imi)os- 
silile to arrive at 
even a general 
view of the 
value of these 
little organisms 
without con- 
sidering one 

especial class. result of infusing bacteria into the soil 

Men of science a row of bWcct-pt-.-is fifteen feet high 

have been puzzled for generations to bacteria and the plant 
account for the increase of nitrogen in tlie good this loss. The air, 



soil. It was long suspected that the puzzle made a present to the earth. 


the sign of a 
nitrogen diet — 
on the brownest 
lawn. If a 
clover cro]) is 
ploughed in, all 
this, nitrogen is . 
added to the 
soil, but a 
great quantity 
is left. The 
earth is richei 
although it has 
s e n t riches. 
It has had 
mineral food ex- 
tracted from it. 
but the stuff 
taken from tlie 
air by the 
more than make 
we may. say, has 
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EYES OF FIRE THAT PIERCE THE NIGHT 








Life, which btinjis 
terror ot a roarinir 





hon, prowling tiiroughthe forest by night, as paint^ here by'Mn*BritOTRiv^r^R!fc 




GROUP 5-ANlMAL LIFE-THE STORY OF M AN’S A NCESTORS AND ALLIES- CHAPTER I 


RIVALS FOR THE MASTERY 

The Elarly Days of the World when 
Man and the Mastodon Set Out Together 

WHAT THE FIRST ANIMALS WF:RE LIKE 


M an is lord of the animal world, its 
highest consuminalion ; but wliat if 
man had never been, if he had not emerged 
from the kaleidoscope of life ? From what 
type of created things would Nature have 
then evolved the autocrat* of the earth ? 
How would she have fashioned him, liow 
arrayed him ? With what powers would 
she have invested him ? 

It is hard for the lay mind to conceive of 
a world without a man, though it was such 
a picture, indeed, that the earth presented 
until organic life had been millions of years 
establislied. We dimly realise that time 
and space have neither beginning nor end ; 
and human life seems at first siglit also to 
belong to the inlinities. The idea of man’s 
late beginning and his lowly origin seems 
too unreal, perhaps, lor our acce[)tance. 
'riie picture of man as scMiii-lniinan, a beast 
warring with other beasts for bare exist- 
ence, comes to our minds as pix'posterous 
and grotescpie. 

But the fact remains that man is the 
parvenu of creation, lie is the most 
modern of mammals, just as mammals, 
with binls, are the most modern members 
of the animal kingdom. We can trace life 
lor millions of years before the emergence 
of tile most primitive and fantastic mam- 
mal. The earth and its waters had been 
the home of a host of types of life before the 
faintest indication of a mammalian form 
first took shape. The chances against the 
success of the type were infinite. A little 
greater voracity, a little greater speed, or a 
little greater cunning on the part of some 
predatory reptile, and the form in which the 
rudiments of the mammal first found a 
home might have been utterly destroyed. 

Had the vital link been snapped, had the 
ascending line, of which man is the summit 
and the glory, been severed, from what other 


type would Nature have fashioned hci 
greatest son ? She was ruthless, but im- 
partial. Fvery tyjie had the same genesis. 
Everything living to-day derives from the 
lowly primordial organism with wiiich life 
originated. The same elements, differently 
combined in a speck of protoplasm, may 
produce a Shakespeare or a serpent. From 
a speck of life no more elal)orate than 
that from which the first living creatures 
arose may spring a Hannibal, a Dante, a 
Napoleon ; from the same sort of miraculous 
sj^eck, differently made up, may proceed a 
reptile or a singing bird. The early em- 
bryonic stage of the greatest of mankind 
may be indistinguishable from that of the 
lowliest mammal or reptile. It is in the 
de\'elopment that we read tlie marvellous 
story of some of the changes evolution has 
brouglit about. 

Man, descended from a water-breathing 
creature, carries with him the evidence of 
.his lowiy life. A frog, after sacrificing 
gills, and its means of sucking, and its 
tail, and taking unto itself lungs, and 
jaw's, and legs instead, famishes ancl dies 
if unable to escape from the water with- 
out wiiich it would have perished a week 
or so before. 

So packed with the effects of age-old 
evolution, so inexorable, is the operation of 
the law’ which, in the course of years past 
numbering, has brought the amphibian to 
his present development and needs. The 
foundation of life has not changed ; the 
vital principle is unaffected, unmodified ; 
the same primitive speck is the fount of 
every living creature. The embryo remains 
the epitome of the life-story of the s|)ecies, 
and in its development we watch the almost 
incredible story unfolded, showing us by 
what strange steps Nature has brought all 
creatures to their present stage of perfection. 


THIS GROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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With this unswerving impartiality wliich 
has distinguished her, N^ature gave all types 
of life a chance, and the sovereignty of the 
world was the guerdon to be gairieil. 

It was a veritahli! kingdom of the humble 
at yie outset, of mere moving particles of 
life, yet not to be despised, inasmuch as 
here was the first of all miracles, the creation 
of animate existence, of life in other than 


intervening forms whijh must have led up 
to this specialised animal, but here tht 
stor}/ of evedution is first graphically im- 
pressed. The ^eat battle for existence, foi 
l^dterment, for conquest, had begun. Tht 
making of man was still far off in the age? 
of Time, but the fight, beginning with the 
inception of life and continued ever since, 
was in full swing. The fishes had armeti 


vegetabh? form ; and h 
enced, be it n*membere( 
form of all subsequent 
kingdom was 
owned by the p.-. i ^ 
protozoa, 9lnd f>‘- 
between their f 
a ]i p e a r a n c e f. 
and t he advent f;' 

(d the first of 
the vertebrates 
e 1 a ]) s e (1 the 
longest of all 
the ])eriods \ 
into which 
the history of 
the earth is 
divided. ""‘311 

Nature has 
quickened her 
methods since V 
then. We need • 
not attempt to 
catalogue the 
early stages of P^g 
this story of 
organic fi f e . gwiiaiiiMi 
1 he record is 
lamentably in- 
i' o in ])1 e t *• . 
though some 
of tlie earlv 
forms have left 
their record iu - ^ . 
the shape of 
cliffs and ^ 

in o u n t a i n 
ranges buili up ^ 

solely of their 


ighly to be rever- 
1, as the ancestral 
organic life. The 


tJiemselves 
mail and 


grij)}ung teeth. “ Kiit 












||H 



Avi.vri^Rs : TUK Kl*Tn.ii anckstok.s of tiif mans 


they had laid on plates of 
cultivated formidable sharp- 
:th. “ Kiit or be eaten ” was 

the - scorpion, 

conditions, had 
betaken himself 

though leaving 
h i f a m i 1 y 
abundantly re- 
presented n 
the 

line of ascent 
w i t li 1 1 icse 
lures came the 
insects and 
s p i d e r - 1 i k 
And 

here was 
'a.-. another signift- 

era in 

" ' world - history. 

In the insects 
an order was 
here brought 
into existence 
destined to 

‘ influence u])()ii 
])rac tic ally 
^jjfl every other 
form of life. 

juPBlPppi F 

1 OF TIIF urwos: t () 


ikeletons. * Ureat cities tlourish i)fi founda- 
lons buUt up of the niinuh' shells which sank 
n unnuuil>ered millions to the bottom of 
)ceans which have long siiue changed their 
)eds. W itji the vertcbi;at(*s came a scorpion, 
imong tjic first of known land animals It 
cas a great day in the history of the world 
Chen he first crept out of the wateis 
rhen our record take,- . le^p anJ 

leans niilliuns of years a* a c.ipmid, lor aniioiii; 
lie next notable finds rev ealed to us is i lie 
anoid fish. W'e have as yet no record of the 
S 


])rcy upon 
other animal forms, to play their part in 
the vegetable world, and prepare a way 
for Ilian. With the insects came a higher 
intelligence than had yet been created. 
Tinprovcment was proceeding. 

Ihc coming of the insects at a time when 
the other life forms were seemingly so 
diffeient from them has been a puzzle to 
many a student, but readers familiar with 
Lord Avebury’s valuable studies find there 
a good anchorage. There seems at first 
to be little in common between the 
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stag-beetle, the dragon-fly, the moth, the 
bee, the ant, the gnat, the grasshopp)cr. and 
other less familiar ty|Xis, •all differing in 
sii^c, in form, in colour, in luibits, and in 
modes of life. Yet the researches of ento- 
mologists have proved not only that such 
insects, while differing greatly in details, are 
constructed on a common plan, but also 
that other groups can be shown to be 
fundamentally similar. While the mature 
forms differ greatly, the embryo forms arc 
so similar as to be clearly reducible to one 
common form. 

Millions of years were passing, ami new 
forms continued to appear. Special types 
arose and vanislied, unable to tolerate the 
altered conditions which successiv^c ages 
imposed. Bulk and strength were the 


for progress on the land. Some types of 
reptiles made their home permanently on 
land, browsing on the luxuriant vegetation 
whicli earth afforded ; but they were them- 
selves the prey of carnivorous species of 
their own order. The dinosaurs— 1he 
“ terrible lizards ” — were kings of the earth. 
Among them were the Atlantosaurus, 8o 
feet long and 30 feet high at the topmost 
point ; the Brontosaurus, 60 feet long, and 
weighing twenty tons ; the Ceratosaurus, 
smaller in build but larger of brain, and 
apparently of greater activity than some 
of its contemporaries. Therg was the 
Iguanodon, a beast 30 feet in length, whose 
habits of rising on its hind legs curiously 
foreshadowed the colossal mammal of a 
later e|X)ch — the Giant Sloth of Patagonia. 



A SCIKNTIFIC RKCONSTRUCTION OF THE GREAT MONSTERS THAT ONCE ROAMED THE EARTH 


dominant features of the newer develop- 
ments. Crust-clad animals of colossal size 
arose, and subsided into the mud which has 
become rocks. Vast cuttlefish thronged the 
seas, and many a legion of molluscs. Then 
came the amjdiibians, water-born animals 
which go asliore to live, and the way was 
clear for the reptiles. At this point the race 
for the mastery of the world became a 
thing of stern reality. Not consciously, of 
course, but by their very existence the 
reptiles sought supremacy. And they 
obtained it. The world was at their mercy, 
and this fair earth had lizards and other 
reptilian monsters for its lords. 

In the sea were the huge fish-lizards with 
paddles for limbs and bodies like whales, 
which brought forth their young alive. 
Sharing the sliallower depths with them 
were giant amphibians, with limbs adapted 

D 


These fearsome- monsters lorded it over 
the land, with none even to challenge thftir 
supremacy. The carnivorous dinosaur 
might conquer and devour the herbivorous 
dinosaur or any other giant lizard not so well 
equipped for fighting as himself, and smaller 
fry would be snapped up. The domination 
of the reptiles was complete. But nothing 
came of the mightiest of this strange fatnily. 
Their development lay along purely physical 
lines. Tliey grew like moving mountains, 
with huge, unwieldy strength and blind 
ferocity, but they moved in a vicious circle. 

There is a limit to dimensions. Tlie 
elephant could attain no greater size than the 
largest of his species now living, unless he 
evolved a greater num!)er of legs. Nothing 
further could be done in the way of bulk, 
and the dinosaurs missed their destiny. 
The upright gait which they were able to 
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assume' gave them unbouiicled j)Ossibililies. 
Their forefeet had become virtually hands, 
and as supply has created demand, so to 
speak, in the development of species, this 
greater advantage should have been turned 
to account, had there been brain power 
enough to suggest increased use of the 
privilege. J3ut tlie opportunity passed. 
The djnosaur had its chance, but it was as 
if some besotted 


membrane of its wings^left its forefeet free 
to act as hands. It had a dual method ol 
progression ; it* had two implements with 
which to work. But it brought to its new 
condition the mind of the reptile ; it 
sacrificed brain to feathers and beak ; it 
merged its arms and wrists and fingers in 
its wings, and left the race to the mammal, 
then humbly moving about the earth. 

M a mmalian 


giant were 
placed to-day 
to govern a 
jxiople ; jude 
strengtii and 
ignorance of 
fear were in- 
sufficient, and 
Nature, as if 
recognising 
that here was 
another of her 
great failures, 
turned to the 



THE GIGANTIC SIIIP-LIZAR:) OF AGES PAST 


forms of life 
multiplied, the 
reptile form de- 
clined. Could 
some super- 
human, whom 
w e may 
imagine gaz- 
ing at the 
nebula f r o m 
whicli our globe 
evolved, have 
pictured the 
scene on earth 


encouragement of another reptile group, 
from which the first mammal was ultimately 
evolved. A primitive egg-laying creature 
was this first mammal which at last arrived ; 
l^etween it and present-day creation the 
two egg-laying mammals of Australasia, 
the duckbill and the spiny ant-eater, are 
the ^e survi^^^ links. 

tropics, the 

camel of the sai3kk-tqotjied tjgkr, which the early men fought 

arid tlesert, the mainmoth and tlie mouse 
and, at last, lord of them all, man himself.' 

At about the sa^ne period came the first 
birds, beginning as living reptiles, with 
ilesh-eating teeth, with h^ithory, Lathe less 
skin- -a new marvel in the kait idoscopc. 

Here again was an onimal seempig to 
have destiny ready lor its own moulding. 

It had assumed an upright position ; *hc 


at this tiinc, he w’ould have had little doubt 
as to wdiich order would w'rest the ultimate 
triumph. The lime for great specialisation 
was clraw'ing to an end. Fishes in bony 
armour gave place tfc more generalised, more 
agile, less heavily protected types. The 
reptili‘s,. having failed to develop except in 
bulk, liecame exiiausfetl. They could not 

adapt them- 
• s e 1 v e s t o 

changing^ con- 

! size aiid mi^it, 

[ICII THE EARLY MEN FOUGHT I^'rom OllC of 

these many 
groups ol mammals Nature had selected a 
new' type for experiment. vShe gave it warm 
blood, she decreed that it sliould not produce 
young like tliose of the reptiles, ready to do 
battle at birth with the rest of creation, 
but young which should be nurtured by the 
mother. Affection came into the world when 
the first mammalian inotlier suckled her 
offspring, and with affection came the 
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characteristics which affection suggests — 
care, solicitude, pity, self-sacriiicc. To be 
enabled to exercise these, an animal must 
develop its brain, and it is easy to imagine 
that, in the midst of animals so different 
from itself, the first mammals must early 
liave risen superior to their contemporaries. 
They could not otherwise liave survived. 

But intelligence was still at a premium, 
'fhe prize was not to be awarded for many 
an age. Mammals gradually followed in 
the track the reptiles had pursued to their 
own undoing. Size, stnmgth, power of 
resistance to attack, adecpiacy of battling 
weapons these were the determining factors. 
iMom lowly forms came forms more highly 
organised, and type after type grew to 
nuinstrous size. The 
whales, which were 
originally land 
animals, found tlie 
contest too severe, 
and retired to the 
greater freeilom and 
lessened responsi- 
bility of life in the 
ocean depths. 

A saguinary, 
hideous era followed 
while the struggle 
for supremacy was 
renewed. Strange 
giant beasts roamed 
the earth, more 
fantastic than any 
pictured by the 
mind of man. While 
laiul connections 
still remained 
between the con- 
tinents, huge 
monsters develoi)ed 
and roamed from 
land to land, but 
climatic changes brought destruction to 
whole species. The animals that survive 
are infinitely fewer than those that have 
l^een blotted out of the book of life. 

The huge carnivores, the sabre-toothed 
tiger, the great cave bear, and other blood- 
thirsty beasts, must at one time have seemed 
to have the race to themselves. But again 
brute power ran its fruitless course ; the 
race was not to these, and their day passed. 
The reptiles had failed, the birds had failed, 
the great monsters had failed. There must 
be a new type, unless insects were to carry 
the prize. It is striking, to remember that 
possilfilities in the race for mastery lay with 
certain of the insects. Tlic ants and bees had 


in them the power of organisation and govern- 
ance necessary as a step towards dominion. 
That an insect could now alter its structure 
and characteristics to become a mammal 
nobody would dream of asserting, though 
Agassiz laid it down that the possibilities of 
existence run so deeply into the extravagant 
that there is scarcely any conception too 
extraordinary for Nature to achieve. But 
insects appeared aeons ago, before the lance- 
lets and the true fishes, the snakes, the 
lizards, and the birds ; there was time for 
tlumi to have developed along higher lines. 

Nature seems, however, to^have been 
satisfied with them, and we must suppose 
that to a certain extent they have “ marked 
lime.** Yet they have in some cases brought 
social life to a higher 
pitch of perfection 
than can anywhere 
else be found beyond 
the pale of human 
society. The ant, in 
point of instinct, 
ranks above all the 
mammals save man 
himself. It gave the 
world the first and 
highest example of 
civic life. 

No animal devot- 
ing itself only to 
bodily development, 
to the upbuilding of 
bone and flesh and 
armour, could hope 
permanently to hold 
a lead in the race. 
Such an animal takes 
no thought for the 
morrow. The 
squirrel and the 
marmot, and other 
animals which lay 
by store for the winter, are ahead of animals 
ranking far higher in the estimation of man. 
]3ogs and wolves, which hunt in company, 
arc an advance upon the solitary animal. 

But nowhere do we find the ability to 
rule, to control circumstances, to master 
environment so well developed as in the 
ant. It collects its seed, and in due season 
reaps its harvest. It impresses other animals 
for service — makes slaves, and— as was 
sometimes the case in ancient human 
society — comes in the end to be ruled by 
them. It keeps cattle, it rules a well- 
ordered city with admirable discipline, 
even to the extent of driving out the idle. 
Had the ants combined their balance of 



TIIK LORD or Line 




TV ?' ’‘“‘“ty ^heti man came to share the 

h^n Kibbled man according to all the laws of chance, should have 

been gobbled up b^a Uger or crushed by a mastodon, and have disappeared for ever off the earth. 





man and his neighbours to-day 



But man beat the mastodon. With slrenRlh almost 

barely foresee, with endurance unsurpassed in any human hems, the * Vll thinirs under his feet 

the only animal that can throw a stone. In the animal kingdom man has put all things under nu 
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experience and s])ecialiscd instinct with 
greater l)()dily development, involving 
greater responsibilities and greater op- 
portunities. they might in course of time 
have stood forth as decidedly competitors 
for the higlier honours of the race. 

But the j)ageant of life passed on still 
without a- leader definitely chosen. The 
mammalian brain began to develop apace, 
and physical bulk became of smaljer 
account. The whale survived bec'ause its 
medium was favour- 
able, and its enemies 
inconsiderable. T h e 
elephant, rhinoceros, 
and the hippo])otamus 
persisted, and they still 
linger with us. The 
elephant comes of a 
form of life which was 
at one time in the 
forefront of the con- 
test. Like the rest of 
the giants, he deve- 
lopecl from small be- 
ginnings, but, unlike 
the majority of them, 
he developed brain 
with brawn and bone. 

The mental faculties 
of the elephant have 
shown a gradual deve- 
lojmieiit througliout 
the ages ; and if tlie 
elc|)haut could breed 
in captivity, as our 
domestic animals do 
we should probably 
have to ])lace him first 
among intelligent 
qnadni]K'ds. But every 
domesticated elcpliant 
begins at the bottom 
in the task of educat- 
ing himself in associa- 
tion with man. lie 
must be caught wild, 
and has no opportun- 
ity of handing on his 
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the smaller animals aiiH birds, are wonderful 
engineers, having mastered problems which 
man solved, tlirough many weary ages. 
But though the homes not made with hands 
arc wonderful and highly to be admired, 
there is no hope in them. The reptiles 
lost their chance when, able to erect them- 
selves, they made no better use of their 
forelimbs than the kangaroo makes to-day. 
The birds muffled their hands in membranes 
and feathers ; the bats chose wings in place 

A'v .*?; .T ;f > sloth, which, pulled 

. -A ^ down tree-tops with 

his forclimbs as he 
squatted upon his 
mighty haunches, had 
not brain enough to 
go a step further and 
keep himself altve. 
Ortain rodents are 
among the types which 
have retained some 
power of the hand in 
their forepaws, and 
birds of the parrot 
tribe extract similar 
service from their 
claws. The elephant 
has a wonderful imple- 
ment of prehension in 
his trunk, but he would 
require two trunks to 
wield a tool. 

The primates had 
to come, and an 
aberrant type to bring 
forth man. “ Struc- 
ture for structure,” 
says Huxley, in a well- 
known passage, “ down 
to the minutest micro- 
scopical details, the 
eye, the ear, the 
olfactory organs, the 
nerves, the spinal cord, 
the brain of an. ape or 
of a dog, correspond 





cocr.n TUF. ant have ru lko the world ? 

l.onl Avflmiy lias siugcstrd tb.m in the .'ibsence of m.-in the ant 
iiiij;lit hciK.iiie master of the eatth. ^ Nowheie do we 

ji'id the aliiliiy to rule so well developed as in these rcinarkablc 
inset. Is, whirh other insects — the .aphids, shown in the 

lowrr pit lure iiitti their service. The white .ants, or termites, 
display an t'\ t il liijjher intclhgenrc when tliecK}{.s are about to be •.i 

*’>' ‘he tirtfii. liitlin}; away the mother fur a period, as shown witii the same organs 
ex|)eriencc to bis kind, i>s“uie, where the r.iy.ai prison-cdi is cut in two. human subjcct- 

as do, ftn- instance, the borst^ and the dog. 


And so, inevitably, tlio mastciy of tlie 
earth lay waiting for llie group from which 
mail was evolved. The task (d subjugating 
the rest of the animal world had to llo with 
an animal which could v its*'H nj>vin it^ 
Iiind legs, leaving the hueliinhs frt;e to use 
weajions and tools. 'Fliere i.- no other topi- 
wielding animal but man. The ants and 
bees and wasjis. tin. beavers and some of 
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Cut a nerve, and the evidence of paralysis, 
or of insensibility, is the same in the two 
cases ; apply pressure to the brain, or ad- 
minister a narcotic, and the signs of intelli- 
gence disappear in the one as in the other. 
Whatever reason we have for believing that 
the changes which take place in the normal 
cerebral substance of man give rise to states 
of consciousness, the same reason exists 
for the lielief that the modes of motion 
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of the cerebral substance of an ape, or She has heaped scourges upon man himself, 
of a dog, produce like effects.*' but man has wrung from her many of her 

So that man, let us sa^, was inevitable subtlest secrets, and he looks hopefully 
in the scheme of things. We know nothing forward to a future when he shall have 
of the language of animals, though we realise conquered them all, and become indeed 
that they have some mysterious method of the master of the earth, 
communication. Man is the only animal There were sovereigns of this earth before 
with ordered oral speech. Without him man lived, but they were unconscious both 
there would be no language, no music save of their sovereignty and of the possibility 
that of the birds. There would be no of self-improvement in point of the only 
building on earth more ambitious than the quality that counts — brain. Man alone 



thk home of the ants, which might have won the race for mastery if man had not been 

Haii the nut combined its balance of experience nnd.siK’cialiscd instinct with greater bodily development, involving greater resjmnsibilities 
andupportunities, it might in time have stocxl forth as certainly a competitor for the mastery of the eartii. [Photos by Rev. S. N. .Sedgewick. 


earthen city of the ants, the dam of the has developeil tlie masterful brain which 
beaver, the hive of the bee, the subter- wins lordship over the earth and all that 
ranean colony of the rodent. Man, cmerg- is in it. The struggle has been fierce and 

irig from his fetid cave, and abandoning prolonged, hut the victory is inestimable, 

his kitchen midden, has steadily ascended Meanwhile the animal nearest akin to 

in the scale of life. He has defied tlie laws man in the lower scale from which he 

of Nature, for when conditions which sprang jibbers still among the trees, 
should have killed him have come, he has affectionate to its kind, compassionate, 
adapted himself or risen superior to them, faithful unto death ; dreadfully human in 

He has bent natural laws to his purixisc. some aspects, dreadfully brutish in more ; 

Nature has hounded td death far more as inferior to the lowest savage as that 

types of life than now exist upon the earth, savage is inferior to Shakespeare. 

S'; 





NATURE REVEALS HERSELF— YIELDING THE TREASURES OF EARTH TO HER INSURGENT SON 



This picture is the copyright of Curtis & Cameron. Boston, U.S.A. 



CROUP 6-MAN; THE STORY OF TH E MA3TE R O F TH E WORLD-CHAPT ER 1 


THE MASTER OF THE EARTH 

The Difference that makes the Difference in Man — How 
he Set Free his Hands and became Lord of Creation 

THE MOST ASTONISHING THING IN NA.TURE 


“ What is man, that Thou art mindful of him ? 
Thou hast made him a little lower than the 
angels, and hast crowned him with gloryr and 
honour. Thou madcst him to have dominion 
over the works of Thy hands ; T'hou hast put 
all things under his feet : all shoe]) and oxen, 
yea, and the beasts of the field, the fowl of 
the air, and the fish of the sea, and what- 
soever passeth through the paths of the seas.** 

W HAT is man ? remains the cpiestion 
of questions now, as it was more 
tlian two thousand or ten thousand years 
ago. The “ lord of creation,*’ on whose 
dead body the worms feast, the i)aragon 
and paradox of animals, asks wiiat he is, 
and whence and whither and why. 

But in our own time the question is 
nearer answering than ever before. The 
nineteenth century established a staggering 
yet evident truth, which not even the 
ignorant now challenge, and the twentieth 
may establish trutlis regarding man’s 
mind no less notable than the ])arwinian 
demonstration of his bodily origin. 

In this opening chapter of the study 
of man it is o])cii to us to ado])t cither df 
the two tendencies which for half a century 
have divided the students of this subject. 
They are well defined, and there is no 
mistaking to which party almost any writer 
belongs. Wc may insist upon the numerous 
radical, profound, unchallengeable, all-signi- 
ficant resemblances Ix^twccn man and the 
lower animals, and may demonstrate beyond 
ciuestion that he is their relative, that the 
fundamentals of his constitution are the 
same as theirs, that his body has the same 
needs and the same destiny, that his young 
pass through similar stages, and even that, 
at certain stages, they are actually 
indistinguishable from the young of his 
nearest animal allies. 

Meanwhile, we may slur over or minimise 
any differences as non-essejitial, superficial, 
trivial. It is true that, by tliis method, we 


shall succeed in leaving man wholly unex- 
plained as regards his record and his place 
in Nature, hut if our object is to show 
that he is only the most modern of the 
apes after all, we shall be content. 

On the other liand, we may prefer to insist 
upon the numerous radical, profound, un- 
challengeable, all-significant differences Ixj- 
tween man and the lower animals, and may 
readily convince ourselves, by this means, 
that he is unique, unprecedented, unrelated, 
incomparable, an exception to all laws. It 
is true that this method also has its disad- 
vantages, since it leaves wholly unexplained 
the origin of man, not to mention half his 
attributes of mind and nearly all his 
attributes of body. But as our object in this 
case will he to disclaim any connection with 
our poor relations, we shall waste no more 
regrets upon the distortion of the truth than 
if wc were snobs of any other kind. 

Science, however, so long as it is true to 
itself, must ignore or despise no order of 
facts. Its object is truth, of which all facts 
are part. If tlie body of man displays some 
hundreds of definite anatomical characters 
which it shares with the anthropoid or man- 
like a])es, and with no other living beings, 
science must reckon with the fact and its 
meaning. If the mind of man displays 
powers so far transcending the utmost dis- 
played by any other form of living Nature 
that we are almost entitled to call him 
suj)er natural, if his genius in a hundred 
directions is as unimaginably novel as his 
backbone or his muscles are archaic, science 
must reckon with this fact, too. If there 
is apparent contradiction, it must be faced, 
with the full assurance that it is only appar- 
ent, and that truth lies in the explanation, 
whatever it be. 

Here, then, we take no side. Disraeli’s 
contribution to the mighty controversy of 
last century w^as to declare that, if asked 
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whether man is “ an ape or an angel/ he 
was “ on the side of the angels.** Science 
cannot afford either to take sides or to 
satisfy itself with smart antitheses. Man is 
neither an aj:)e nor an angel, because he is 
clearly both ; and if we are ever to under- 
stand him— which means understanding 
ourselves — we must pay equal attention to 
“ the base degrees by wliich he did ascend,*’ 
and to the noble reason, the infinite faculties, 
the apprehension how like a god,” which his 
greatest poet perceived in ” this quintessence 
of dust.'* We are for all the facts. Tfmanis 
a part of li^^ng Nature, and was so evolved, 
we are for that ; if he transcends incalculably 
all other living things, wc arc for that also. 

The Mark of Man and his Cousins in 
the Animal Kingdom 

Plainly, our first concern is to observe 
and delinc those characters by which 
we may identify the human sj^ecies. This 
is no more for the ])urpose of exalting 
or depreciating man than if we were 
seeking to deline and distinguish the 
horse and the zebra, or the oak and the 
elm. Man forms a species of the animal 
kingdom, and his specillc characters must 
accordingly be defined. He is evidently a 
vertebrate -as evidently as the herring, the 
frog, the lizard, the lark, or the lion, lie is 
no less evidently a mammal — a member of 
the great mammalian order, whose mothers 
suckle their young ; and tlicre can be no 
<luestion as to the ])arlicular kinds of. 
mammalia to which he is most closely allied. 
He is far from the whales and the rabbits 
and the bears and the cats. His allies are 
the lemurs and monke^'S and apes, especially 
the a])es. In all the world, four spt'cies of 
ai)es, called man-like, come nearest to him — 
the gibbon, the orang, the gorilla, and the 
chim])an/.ee. He and these may be ranked 
as Primat(‘s, or first — biMug also last, but 
“ the bast shall be first ** — among mammids. 
And when iiis cousinships have thus been 
established, we must observe the charac- 
ters by which his sjiecies mav be dis* 
tinguished even from those which most 
closely a]>pioach it. 

The Things that Belong to Mnn Alone, by 
Virtue of Which He is Man 

There is, of course, a multitude of 
differejic«‘S which are distinctive and might 
be described at any length. Man’s hand 
and foot are his, and not another's. Man 
has acquired a chin, l.,is neaiiv all 
his hair, and so lo'tli. Our immediate 
concern, however, is wiLii greater things, 
much b'ss obvious, it may be, but greater, 
because they moke the difference, Man iL 
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not man because of his chin, nor because 
of his denuded ^kiii, nor the angle of his 
jaw. These, and a hundred other pecu- 
liarities, are very interesting and notable, 
no doubt, but our first concern must be 
with what makes man man. He can 
think and reason, and speak and write, 
and imagine. In part the creature of 
environment, like all other living beings 
he can also create environment according 
to the pattern of his fancy, can ” shatter 
it to bits and then remould it nearer to 
the heart’s desire.” His chiir, his skin, 
his heels will not explain these deeds, and 
we want the facts which do. 

Let us observe, then, first, that man the 
erect is also ” man the erected,” as Robert 
Louis Stevenson calls him. His cousins 
use all four limbs for the same purposes ; 
they are both four-footed and four-handed 
— ^so far as they go. It is true that, in 
some degree, they foreshadow what is to 
come. They are not erect, but at times 
they are semi-erect. The gibbons spend 
much of their time erect, but that is because 
they hang vertically by their hands. 

The Change in the Mechanism of a Man 
by which He is Erected 

The gorilla may support itself by a 
stick, and so approach the ” upright 
posture ” or ” erect attitude,” which all 
anatomists agree in stating as the first 
distinctive characteristic of man. But the 
erect attitude can only bo temporarily 
assumed by any ape. The mechanics ot 
its body arc against it from the first, just 
as they arc against it in the body of the 
young baby. 

The posture of the body really depends 
ii])on the position of the hip- joints. If we 
examine the body of any ape, or of a 
baby, we find that a line, dropped to the 
ground from the ” centre of gravity ’* of 
the body, passes in front of the liiji-joints. 
The upper part of the body, therefore, 
necessarily tends to fall forward until it 
is supported by the fore-limbs or arms. 

The simple concave-forward curve of a 
baby’s spine condemns it to a four-footed 
stage. The bodily centre of gravity is 
situated in front of the hip-joints, and 
the baby’s inability to walk depends 
thereon, and not merely upon lack of 
practice or u])on muscular weakness. But 
in tlic course of its development the curva- 
ture of the baby’s spine undergoes a 
change which ‘‘ recapitulates the history 
of the race.” The consequence of this 
change is to throw the centre of gravity 
of the body behind the hip- joints, so that 
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the erect attitude is not only natural. His body is by no means perfectly adapted 

hut inevitable, and the constant tendency to it. The valves in the veins of his 

of the whole of the bofly above those limbs, for instance, are arranged for the 

joints is to roll, not forwards as in all due control of a flow of blood as in a 

other mammals, but backwards. There horizontal animal, and arc by no means 

has accordingly been developed, upon the so placed as to suit him best ; varicose 

front aspect ot each hip-joint, a band of veins are often the price he j^ays for this 

tissue, the largest and strongest of its kind innovation. Far more hardly does the 

in the body, which prevents the body assumption of the erect attitude bear upon 

from rolling backwards, and which, of women. It is, indeed, the permanent 

course, is not to be found in apes or underlying cause f)f the extraordinary 

monkeys, who have no need for it. contrast between human childbirth and 

Man has thus been erected. The back- its parallel in the case of the lower animals, 

bone, which began horizontal in the first The modern anatomist finds l^mself able, 

lishes, is vertical in him, and this change therefore, to translate the story of Genesis 

of axis means almost more than words into his own language. The curse of Eve, 

(‘an say. It is true that, in a sense, the “ in sorrow shalt thou bring forth,” passed 

birds are erected also. Their fore-limbs upon hta* as the price of the knowledge of 

liavc, indeed, been raised from the ground, good and i‘vil, is veritably the price which 

but they have not been freed from the pur- the Evt‘s of the ra('.e pay to-day for the 

pose of locomotion. On the contrary, ^ assumption of the erect attitude, and 

they have been more exclusively con- ||HU|3||K|^ for tlii' knowledge of good and evil 
tiiK^d to that purpose, and sjiecialised whicli that attitude has greatly helped 

for it. For its pains the bird has man to gain. 

gained the power of flight, but it lias The erect attitude raises man’s 

lost any chance of ever making a iMW j)hysical stature, of course, and in 

flying-machine, or playing the piano, I Wm any case he is a giant com})arcd with 

oi’ writing a book. The bird’s wing is HI | V H his nearest relatives. The pose of 

marvellous in its way, but it is nothing A his head, u])on his erect spine, further 

compared with the hand of man. assists him in his siirvi^y of the world. 

The erect attitude ot man is uni(|ue, H9^'^H liis liori/on is vastly extended. He 
and necessary to his uniciuenoss, in dignity and in all that 

that it involves the complete libera- appearances count for in his control 

tion of his fore-limbs from the purpose of the lower animals. But when all 

of locomotion. The alteration in the Hk this is said and allow(Ml for, the fact 

poise of his body is such that he can HI ■IHH remains that the attitude in itself 
walk upon his feet alone, and finds ^’f momenf compared with its 

that he has his hands free to play , > all-important consecpionce — the 

with and to work with. ' n r"' liberation of his hands. 

rortunately they are com])lete. i he ^ brom this mommit onwards, man s 

original vertebrate limb, as we see it hands and his bruin act and re-act on each 
represented in the frog, terminates in five other. Tike the apes, man is naturally curious 
digits. In subsequent forms of life some and imitative, as we recognise when we speak 
or all of these digits have frequently bi'en of “ tlie ])ridt‘ that apes humilit}^” and 
lost - as in the whale, the pig, the horse, his hands serve him at every turn in the 
and even the bird, which has only three satisfaction of his mental tendencies. They 
and a half fingers in its wings instc^ad of are in themselves endowed merely with the 
hve. In the human line, however, no senses of ])ressurc, heat, cold, and pain, 
digits have Ix^.en lost ; and when man’s which are found in the skin at large. But 
fore-limbs were enabled to leave the ground the form of the hands, their power of 
in the erect attitude they were provided grasping, the independent mobility of the 
with their complement of digits, once toes, fingers, together with their naturally rich 
now fingers and thumb, to wliose possi- endowinent of nerves, practically supply 
bilities as servants, and even as tutors, of him with a new sense, as valuable, as edu- 
his brain no limits can be set. cativc, well-nigh as distinctive as vision or 

This is the real meaning of the erect hearing. He can now study the surfaces, 
attitude as the dominant physical charac- the textures, the consistence, the forms of 
teristic of man. By the assumption of all manner of objects as never before ; 
that attitude he has lost in speed, and is and the very instruments of his senses are 
not the climber that . his ancestors w^erc. also, by perfect adaptation, the most 
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admirable and versatile instruments of his 
will. We who are now adult forget, and 
can only remind ourselves by watching 
babies and young children, how valuable our 
hands were as means of instruction. The 


but was endowed with ftuman hands, would 
be far from human, just in proportion to 
the inferiority df its brain, its hands not- 
withstanding. We might as well suppose — 
as many people do, or think they do — that 


baby handles everything, and commonly it is the hands that make the mighty surgeon, 
carries what it can grasp to its lips, which or j)ianist, or painter, whereas it is the brain 

’ in each and every case. 
Further, we are clearly satis- 
fied that, notwithstanding 
popular opinion, the educa- 
tion of the parent’s brain is 
i of . no consequence to the 
i child’s ; “ acquired charac- 
I ters,” or, rather, the effects 
of use, are not inherited. 
Whatever, therefore, be the 
history of the human brain, 
and however justly we rate 
the value of man’s hand as 
its servant and instrument 
of instruction in the in- 
dividiuil, we must reject the 
view that the hand has made 
, the brain in the history of 
KviiRYTHiNG the lacc. Thc cicct attitude 


are even more richly en- r 
dowed with nerves than are 
thc fingers themselves. ' 
Children need constantly to 
be told not to touch, their 
natural instinct being to 
handle and*to finger every- 
thing, for thc sake of know- 
ledge and thc power which 
knowledge bestows. Con- 
sider, then, the liorse, for 
instance, who has only two 
digits in all — one remaining 
in each fore-limb— to corre- 
spond to our hands, and 
who must use these con- 
stantly for locomotion. 
Since the basis and begin- 
ning of all knovdedge is tuk 



sensation -the senses being. is very iini)ortant, and man 

as Iiunyan called them, the the hand as. i factor in cMiuctition would be sonicwha 


• gates of Mansoul -what cliance has the horse 
or the birtl or any other creature against 
man, thc onl^ or unique owner of two free 
and perfect hands ? 

In the nineteenth century, when the great 
fact of man’s descent was first recognised, 
and when notions of heredity, such as we 
must now reject, were 
unquestioned, this great 
argument about man’s 
handstand the erect 
attitude was further 
extended. It was sup- 
posed, not merely that 
the hands taught thc 
brain of thc individual, 
but that thereby the 
native characters of the 
brain of tlie race were 
enhanced; the brain of 
the child whose father 
had thus been taught 


somewhat less than 
man without it, but it cannot claim to have 
made man man. More probable, indeed, 
would be the supposition that the human 
brain had made the erect attitude po.ssibIc 
by its influence upon the structure and 
balance of the body.' 

Here, and here only, notwithstanding all 

. . else that anatomists 

may dcscrilxj, can we 
; discern the differentia, 
the difference that 
makes the difference, 
of man. Man is man 
not b:^cauhc he t^as a 
chin or walks erect, but 
because be possesses thc 
brain of man. Here we 
discover new structures, 
characteristically and 
exclusively human, in a 
degree which is true of 
no other structure or 



would be iicitui. illy the thji lir.st method of human progression function of his bodv 

better therefor, anti * ‘-’Urw ol .'i haby-s .>pine condemns it to a four-footed Mnn’c Knnoe o 

thus, by steady acciiifiu- cMstcnce m its infancy Mans b o n e s a n d 

' • • muscles, his teeth and 


lation; we might account for the modern 
capacities of man's brain, a.s really, in a 
sense, the creature of his hands. 

This view must now be rejected. The 
evidence is clear that the brain is the 
beginner and the beginning. A creature 
that possessed u less than human bram^ 
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stomach, his liver and lungs, his heart and 
his jaws, contain and display differences as 
those of any species do, compared with any 
other, but they do not display absolute 
novelties, nor anything approaching them. 
Indeed, so far as the rest of man’s body is 
concerned, we find that his differences, such 
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as they are, belong to the class of defect 
rather than excess, minus rather than plus, 
subtraction rather than addition. This, 
that, and the other structure he has lost, or 
l^osscsses in a diminished form, such as hair 
and claws, much of the digestive tract, and 
many muscular and bony items. If we arc 
to find, anywhere in his body, the key to his 
status, any ph3^sical structure to correspond 
to his psychical superiority, we must turn 
in some direction where we can discover not 
a mere shedding but a positive addition. 

It is, of course, in his nervous system that 
we shall be rewarded. Not in the spinal cord, 
wliich is almost just such another as a host 
of his ancestors and cousins possess ; not 

in the lower - 

portions of his 
brain, which 
control the 
breathing and 
the beating of 
the heart, and 
tl'.e processes 
of digestion ; 
not even in the 
middle levels 
of his brain, 
which arc 
n)nc(‘rned with 
such functions 
as vision and 
balance.'' Not 
yet do we find 
any tiling new, 
n o r , indeed, 
do we always 
liiid that man 
is Ijere the 



(*(|iial of 
inferiors. 


his 

The 


TUK ClIANGK WHICIT KNABLES A BABY TO STAND 
Man lias overcome the four-fooleil state of existence for which his hotly wns dearly made. 
A baby cannot siaml because at birth the bodily centre of gravity is in front of the hip-joints, 


]) r O c e S S of •'» fhanRe takes place early which throws the centre of gravity beliiiid the hip-joints| tioH “ \V ll 
S U h traction largest Umd of tissue in' the bmly prevents the body from falling backwards. ? ** 

wliich wc notice in his skin, may be 
observed also in, for instance, that j)ortion 
of liis brain which is devoted to smell — a 
definitely atrophied sense in man. 

Not until we reach the highest thing in 
man do we reach the new'. Vvhen we have 
reached beyond the levels of sense and 
balance, we come to a mighty fold or mantle 
of brain tissue which, being comparatively’’ 
new’, is called the neo-pallium, or new 
mantle. It is so large in man, so abundant 
in structures which he alone possesses, 
that it requires to be folded over all the 
i'est of the brain, which, indeed, it entirely 
obscures from view. Room for it can only 
be found, even so, by a process of surface 
folding, so that it thrown into a number 


of “ convolutions,'* with intervening folds. 
Its size, in proportion to the size oi man's 
body, is enormous and unparalleled. Evi- 
dently here is something new. 

Not, however, until we bring the micro- 
scope to bear do we discover what this 
evident novelty really means. It is covered 
with a thick layer or bark — as its Latin 
name, the cortex, means — of grey matter, 
much thicker in man than in any other 
creature, and of far greater extent, since 
it dips into all the many folds upon 
the surface of his “ new mantle." Examined 
under the microscope, this gn^ layer is 
found to consist of millions of nerve cells, 
of which the greater number, and the 

~ 1 greater nnmljer 

of types, are 
new in man. 
Without them 
one may be an 
idiot or an 
imbecile, hav- 
ing the human 
form in some 
degree*; but 
they arc neces- 
sary for man, 
since they arc 
the a[>pointed 
habitation of 
the h u m a n 
spirit. To the 
study of this 
i ncom])arable 
structure w c 
shall, of course, 
return. Our 
])rcsent busi- 
ness, in discuss- 
ing the qiies- 
What 
is 

merely to note that in so far as he can 
be said to be anything material at all, he 
is his grey matter. 

This is the plus of man, " the little 
more and how much it is,” the difference 
that makes the difference. It is the stuff 
that weighs, and yet may sway the sun, 
in virtue of which he" has *'ptft all 
things under his feet " ; and if Carlyle was 
right in calling genius " the clearer j^resence 
of God Most High in a man," then the grey’ 
matter is the very holy of holies, the most 
tangible and essential incarnation of the 
Creator in the highest type of His creatures. 
It is here that life becomes most intense, 
most original, most creative, most unpre- 
cedented, most unpredictable, most infinite. 

6i 







'rilK CRLLS THEY CONNECT, OE WHICH THERE ARE TROBABLY THRICE THOUSAND Mil. LIONS 
‘‘hape, with the Riant cells— the seat of the voluntary impulses conirolliiiK muscular actimi- in t he deejiest layer. T n the fifth layer the ci 11 s 
are irregular in form. The large photograph is a giant cell, m.agnilital 1650 time.s. A centre of mi ve impulses which (:oiUri>l the cioing 
of things, it is called a psycho-motoi* cell, because it is not merely motor but voluiitar\Vinotor, controlling the action of the iniisiies oi 
the body. Mo>.t of the cells am’ fibres are, however, concerned in receiving impressions, elab.ii.iting them by associjitioii, and stonni, 
them up in the memory. It is through these cells ami fibres that we are conscious of dur relations to the world around ns, and 
that they are the anatomical basis of mind, because they are ill developed in imbeciles and wasted in those wlio have lost their iniml. 









c-» 


THE HANDS OF A FLYING RErXILE 
.Sh(}win>; how the little finger has develoi>cil 

And now it is possible to make an admis- 
sion which tlic pliysical study of man forces 
upon us. "Not only is he not “ the paragon of 
animals,*’ if he be thus studied, but he is far 
from it. All who have thought upon this sub- 
ject have jicrceived the paradoxical contrast 
between man’s supremacy in the world and 
liis ])hysical inferiority, for inferiority it cer- 
tainly is; and all have the more abundantly 
insisted upon the importance of man’s mind, 
to which his bodily degeneracy lends such 
point. Said Sophocles: “Many arc the 


THE HANDS OF THE MODERN BAT 
Showing the projection of the thumb 

the cat no perfume . . . Thou an 

the thing itself : unaccommodated man is ik 
more but such a poor, bare, forked aniimi 
as thou art.” Similarly, Herbert Spencci 
tells us how he and Huxley, watching sonu 
boys bathing at St. Andrews, “ marvclliH 
over the fact, seeming especially stran.^t 
when they arc no longer disguised \)\ 
clothes, that human beings should dominati 
over all other creatures, and play tlu 
wonderful part they do on the earth.’ 
Carlyle’s famous book on clothes, aiK 






THE HAND OF MAN COMFAKKD WITH THE HAND OF HIS COUSINS, THE MONKEYS AND API-..'* 


mighty things, but none is mightier than man. the universal practice of savage and civil isoi 
He coiKpiers by his devices the tenant of the man, show liow man is really aware of tlit 
the fields.” Again, consider the famous inadecpiacy of his “ unaccommodated ’ 
saying of Pascal: “ Man is only a reed, the body to justify his spiritual pretensions, 
feeblest in Nature, but it is a reed that On anatomical analysis the case against 
thinks.” Other authors have been struck this “ poor, bare, forked animal ” is clear 
by the feebleness of man’s body. Shake- Man is, at birth, the most helpless of all 
speare makes Lear, watching a naked man, living things, and this helplessness is main 
say: “Is man no more than this? Con- tained for an unheard-of period. At his best 
sidcr him well : Thou owest the worm no so far as defence is conceiTied, he has neithei 
silk, the beast no hide, the sheep no wool, fur nor feathers nor scales, but is the mo^Jl 
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Showing how ihe fcalhers of the wing arc fixed Showing the evohiiion of il=. hoof 
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naked and tliinnfst-skinned of animals. 
He is not only without armour against living 
onemies or cold, he is also jvitliout weapons 
of attack. His teeth are practically worth- 
less in this respect, not only on account 
of their small size, but also because his 
characteristic chin and the shape of his 
jaws make them singularly unfit for catch- 
ing or grasping. For claws he has merely 
nails, ca])able only of the feeblest scratch- 
ing ; he can discharge no poisons from his 
mouth ; he cannot envelop himself in dark- 
ness, nor cliange his colour, in order to hide 
hiins(?lf ; his speediest and most enduring 
manner is a breathless laggard. 

The Boundless Possibilities of the Mind 
of a Man 

Man is at tirst almost bereft ot instinct, 
has to be burnt in order to dread the fire, 
and cannot iind his own way to the breast, 
flis sole instrument of dominance is his 
mind in all its attributes. 

Tlui aj)i)licability of mind is limitless. 
With this one instrument man achieves 
what, without it, could hardly be achieved 
- could ' not, indeed, hi* acjntn'ed by a 
creature caanbining in his f)wn person c\'ery 
kind of material ai)paratus, offensive and 
defensive, locomotor or what not, which 
animal and vegetable life have invented in 
the past. ]\Ian is a jjoor jiedestrian, but 
his mind makes locomotives which rival the 
lish in the sea, the antelope on the land, and 
even the bird in ihc air ; his teeth, are of 
poor quality, but his mind directs his hands 
to siqiply him with artificial teeth, and 
enables him to prepare his food, vine 
liiinoceros could disj)ose of iifty of him, 
and then of fiftv more, hut the rhinoceros 
will fall before his ritl(‘ ; “ by his devices he 
coiKpiei's the tenant of the lields.” All the 
jdi\’sical methods ai*(^ .self-liniit(‘d, all in- 
volve jxmalties and ham])(*ring restrictions 
in some other direction, but the nudhod of 
mind has no limits; it is even more than 
cumulative, and multiplies its ca])acities 
by geometrical progression. 

The Supreme Expression of the Creative 
Forces of Life 

Man, then, is his brain- more strictly, 
his neo-pallium. Not only is he it, but by 
it he lives, by it he has come into existence, 
by it alone he can survive. That is the 
least which can be said of it from the 
standpoint of biology. 

Judged, however, not merely as the sole 
instrument of man’s genesis and survival, 
but as the instrument of his mind, man’s 
brain is evicUmtly the supreme expressi«)n 


of matter, and of the creative forces of life. 
It is incomparably the most wonderful thing 
in the world, as if is incom|>arably the most 
complex. Jiefore its structinx; and its 
functions the sun and the stars and the ne- 
buhe hide their diminished heads and pale 
their ineffectual tires. 

In the following chapters we must begin 
at the beginning so far as we can discern 
it -and must follow some rational order. 
Man’s b()dy must come first, from its oldc'st 
to its newest- which are its most “ nervous” 
— features, 'riiereafter we must ])roceed 
to study his ego, or self, which manifests 
itself through Ins hotly. Ix'gTnning there 
also with the ])roperties he share's with thi' 
ape or tin? ox, as he dties his heart ov his 
backbone, and going on to those which are 
all his own. 

^h'anwhile we have oiui more fact to 
discern, (iiven that the grey cortex of his 
brain conlains the. bodily elements which 
are new in man, and distinguish him from 
all otlu'r creaturi's, what is the psvehical 
character of man which corres])onds thereto, 
if any there be ? Can we say that man 
alone has intelligence, whik; other cri'atures 
havi* only instinct at the most, and that 
his grey matter maki's the difference ? 

The only Thing in the World that can 
say “ This is I ” 

This absolute distinction cannot be made. 
Man is far more instinctivi' than we nsi'd to 
realise, and many of th(* lower animals .are 
far more intelligent. The differi'iice in man 
is nt) doubt (‘iiormous, and, of course, 
dejiends u])on his brain, but it is onl\' a 
difference* of degree. Neither in the s[)heie 
of will, nor of reason, nor of memory can 
we discovi'r anv diffenmee. l)et\veen man 
and his inferiors wliich is radical, ([iialita- 
tive, ex])lanatoiy. 

The real and crowning mark of man, in 
virtue of which he is man, is that, while 
many or all otlua' living beings are more' 
or less conscious, at intervals or always, 
he is self-conscious; knows that “ this is I,” 
feels and knows himself to be himself — an 
ego, with a history and a dc'stiiiy, ” made 
with such larg(‘ cliscourso, looking before 
and after,” living not only in the liere and 
now’, but in the past ami the future ; not 
only in the outer world of sp.ace and time, 
but also ill an inner world, no less inlinite — 
for it is just as far tt) the innermost as to 
the outermost — of feeling ami imagination, 
ideal ami resolvo ; .sup[X)rtiiig his helii'f 
that there is soiujwvhat in him which is 
” older than the elomeiils, and owes no 
homage to the smi.’* 

^>5 
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GROUP 7 ^HEALTH • T|^ Wi^T^BE HAPPY. WHOLE. AND WELL- CHAPTER I 


THE DAY OF A HEALTHY MAN 

The Desperate Battle between Health and Disease 
that goes on in your Body without ceasing 

THB TRUTH ABOUT BEING PERFECTLY WEl.L 


H kaltii —which is, indeed, tlie same word 
as wholeness and holine.ss~ is what 
we all desire, whether we know it or not. 
Hapinness is our being’s end and aim, but 
it is certain that, except for Very rare 
souls, happiness and also usefulness are 
impossible without health. 

It is a necessity of our nature, neverthe- 
less, that perfect health is an unattainable 
ideal. Even tbe man of mature and certain 
powers, generally supposed to be healthy, 
is yet inevitably, in the very act of living 
and enjoying his health, travelling along the 
road to more or less imminent senility and 
death. Our bodies are definitely born to 
die, and it is almost literally true that we die 
daily ; parts of the body do literally die 
daily, and at every moment of existence the 
b()dy contains poisonous ])roducts which it 
urgently requires to get rid of. It seems 
certain that this removal of waste ])rodiicts 
is either never quite jicrfect or else inv dyes 
a slow deterioration, of which senility is 
sooner or later the u])shot. 

Perfect health is, therefore, no more than 
an ideal, but it is an ideal to be aimed at, 
and one which the fortunate and wise — 
but they need to be both- may substantially 
attain, and maintain even for several decades. 
Latterly, the standard of activity may re- 
quire to be slightly lowered, but activity 
of the highest type, which is intellectual and 
inoral, may maintain its standard, thereby 
iin])lying a true health of mind, long after 
real health of body has gone for ever. 

Our concet)tion of health in this book is 
not to be merely physical, much less merely 
muscular, but is to include the whole man, 
body and mind ; and our conception of the 
mind is not merely of the powers of reason- 
ing — which are popularly and legally, but 
absurdly, supposed to be the whole mind — 
but also the sensations and emotions and 
desires, the will to do aiKl the will to refrain. 


The healthy man is neither he wlio can 
run ten miles, nor he who can resist infection, 
nor he who can maintain intellectual atte;ii- 
tion for lioiirs without fatigue, nor he who is* 
master of himself in all circumstances. The 
healthy man is he who has somewhat of all 
these qualities, and many more. It will 
begin to be evident already that wholeness 
means a great deal in this connection ; and 
happy they be who find it ! 

So complex and various is man, so com- 
plex and various are his activities and the 
jx)ssibilities of his environment, that no 
description of health can really be adequate, 
because none can be all-embracing. Never- 
theless, we may brietly de.scrib(N by way of 
a minimum imiication, a healthy man’s day 
and night ; and though thi^ descrij)tion will 
consist largely of negatives rather tluin 
positives, yet it is very much the satisfaction 
of these negatives that makes an almost 
infinite number of positives ])ossil)le. 

Life, as Herbert Spencer taught us, is “ the 
continuous adjustment of intenud to ex- 
ternal relations.” Therefore, wlien we speak 
of health, we are assuming some particular or 
average state of external things; and fnan 
this ])oinl c'f view it will be seen that a man 
in«ay exhihit robust and superb lu'alth, in a 
sense, when he is, say, in the veiy grip dt 
pueumonia, or when he is lying in bed with a 
broken leg, or flying in an aeroplane, numb, 
tUued, and half blind, at sixty miles an 
hour. In each of these cases tiie man has 
been thrown by pressure of environnuMit 
upon his deeper resources, and he may prov(i 
that their quality is superbly healthy. 

The truth is that normally — that is to 
say, under such ordinary conditions as 
commonly satisfy us — we live actually u|)on 
the merest margin of our vital resources. Be- 
yond this, we have, each one of us, a further 
supply which is never ordinarily called upon, 
and the quality of which we cannot ascertain, 
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nor <'.'111 jis('<‘rtaiii, until \vn he 

tcsti’d. 'rii(‘‘«l(*pth of these resources also 
varies, for dihen'iit. stresses in ditfercMit 
people, and in llu* sanu-‘ person at diffeient 
limes of life. We have to think of life 
largely in liTins ol r(‘sistane(‘, and one of us 
will resist fatiKn(^ nuu'h better than another, 
who, on the other hand, will niak(^ a Ix'ttei 
li^^ht aj^ainst starvation, or e.nforced lack of 
shu'p, or 1‘xposiire to cold. We all vary 
(‘noi’inously, in deed, in our measure of 
resistance to dilferent stri‘sses ; and it is far 
beyond the c apacity ot the' cleverest doctor 
to' prolu'.the de])th of our vital powers in 
all possible direc tions. 

How We are Always, Day and Nifiht, Testing 
Our Vital Powers in Many Ways 

Vet wc' ourse lves, live we nc'.ver so wisely, 
are always testing our own vital ]K)wers in 
most important directions. Wc‘ go Irom 
year to \c‘ar, but are lu'ver callc'd \i])on to 
show our mettle against extreme fatigue, 
or extrc'inc' c'old, or starvation, or enloiTed 
lack of sleep. Vet cvcm v day and night of 
oui‘ lives we arc* I'xercising our vital force's 
in rc'sistanc'e against poisoning. 'I'his ])oison- 
ing is partly clue to dangc*rous constituents 
in what wci eat and drink, or dangerous 
.substances made from tlu' food in our 
Ixulic's. It is partly due to the products of 
the life' of our own tissues, but it is ('hic'tly 
due to the imessant invasion of our bodies 
by other living things, which sc’ek to exteiul 
their lives at the cost ol our own. 

'The existence of Ihest' creatures, whicli 
an* nc'arly all of the ('lass ('ailed microbes, 
has only recc'ullv’ heconu' known ; and the 
lashion in which tlu'V cause* the greater 
part ol all ill-hc'alth must eUarly involve*, 
idi'as ol hc*alth which c'ould not entc’r the 
mind ol th<' student half a cenlurx’ ago. 

The Healthy Man who goes through Danger 
with almost a Charmed Life 

Wc‘ mec ‘1 Ihc'se chief eni'inii's ot our health 
at c'vc'rv turn. W'e liave only to sc'iateh the 
skin to know' that the* mic'Volus of “sur- 
gical inllammation ’’an* almost omnipresent. 
The mic'nibc* of tuberc'ulosi', is pieseiit in 
about om* sample in ti'U of tlie milk w’C 
drink ; and if that milk has never bec'ii 
l)oiled ov “ pastc'iirist'd.” thc'se microbes 
enter our bodies alive, sevking more and 
more life at onr expense. Praetieallv all milk 
contains other microbes, possi I >lv dangerous. 
Lhu'ooki'd locul is gc'iM'i iili ■ . • Mii.unin.'itecj, 
and water, too. Wv* inhale numerous 
microbes with evc'vy breath. Mo<;t dust is 
eranmu'd with imm notably die dust of 
thcstiei ir. and uuue ludablystill thedust ol 


liviiig-rocjius. wliieh tlic^ fiousewifc so rightly 
fears, and, as a ruh^, so wrongly deals with. 

Yet, though |>4)ssibly daiigcTous microbes 
exist in our moutbs and throats and else- 
w’herc', and though we are ever swallowing 
and inhaling imw doses of them, we are 
mostly imliiirt ; and the healthy man 
walking through all these dangers bears 
what is almost a charmed life. Him only 
the most vjrulent can touch. 

Nay. more. 'Fhere are many microbes 
wliich, if tliey enter our bodi('s in large 
(‘iiough closes, or if they Iui])ix*ii to be par- 
ticularly jioisonoiis, wnll certainly make 
anyone' ill. Almost every child will “ catch,” 
or l)e caught by, measlc's and whooping- 
cough; and c^ven the healthiest man, siitti- 
ciently bitten by a mosejuito (onve^ing 
the parasite of malaria, or by a rat-llea 
('c)iiveying the microbe of jilague, will suffer 
from tlu'se disease's. Vet ('bildren often 
r(‘c<)vc*r from measles and whoopiiig-coiigli, 
and lueii recover from malaria, and ewen 
soinc'timc's from plague. The remedy for 
tlit'se and a host of other microbe poisonings 
is natural, and may even occur on a definite 
day, as in tlie crisis of pneumonia. 

How the Forces of Modern Science nre Tracking 
Down the very Elements of our Health 

Plainly, it d(‘])eTuls u])on powers of resist- 
ance* ; and if we are to distinguish bc'twecn 
the man wlio inbalc'S tubercle bacilli and 
kills them, and the man wdio inhale's them 
.to be killc'd by tb('m ; between men who 
catch a disease and mcm who, similarly 
cxpos('d, do not ; and between mc'n w'lio, 
having caught a disease, res])ectively coii- 
(juer or arc^ compiered plainly, we must 
reach some very deep and real meaning of the 
w'ord health, and a meaning wliieh aj)]di('s 
to the daily ('xigt'ucies of life as much as the 
capacity to digest food. It is just as im- 
])<u'taut for health to digest one’s microbes 
as to dig^'st one’s mc'als ; and though the 
parallel is liappy, it is also accurate, for vital 
resistance, and C()nsi.*(|uent health, mainly 
dc'peiid u})on tlu; ])roducti()n of ferments 
W'hich digc'St and dc;stroy invading microlx's. 

Since these* new conceptions were finally 
established, w'ith all that they involve; lor 
the health of present anel future general ieius, 
we have gone furtlier still, and have trackcel 
ele)wm the ve'iy elements of enir health in 
some el(;gr('c. Metchnikoff has shown that 
the winter cells of our bleieiel arc amemg the 
chief agents of our health, their daily and 
nightly eluty being to search enit anel arrest 
aiiel kill forthwith all inaniier of invading 
microbes. Metchnikoff tlierefore^ calls these 
white cells the pliagoe^yles, or eating cells ; 
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breathing, aiding the digestion, diverting 
the mind, avoiding ennui, facilitating sleep, 
driving dull care away. These are valuable 
ends for health, but it is not a question of 
the number of inches round the upper arm. 

A final and overwhelming argument 
against the view that muscularity and 
vitality arc convertible terms is furnished 
by the contrast between the sexes. Woman, 
according to that view, is less healthy or has 
less vitality than man. She is, in the hal- 
lowed phrase, “ the weaker vessel.’* Never- 
theless, at all ages, under equal conditions, 
the death-rate among women is lower than 
among men. We find two or three women 
centenarians for every man of a hundred. 

** The Great Vital Power of the Frail Little 
Woman who Nurses Hercules " 

All through life woman’s vitality is 
superior to man’s. Slie will resist starvation 
better, or exposure to cold, or exposure to 
heat ; she will survive a far greater loss of 
blood, far more poisoning, far more fatigue. 

On all counts and at all ages, whether 
one day or one hundred years, the female 
organism, which is the less muscular, has 
a great(*r fund of health than the male 
orcanism. The contention as to muscu- 
lanty, therefore, breaks down on the first 
examination ; muscularity and health have 
nothing to do with each other. Your 
Hercules may be ridiculously susceptible 
to a cold, a baby at bearing ])ain, a certain 
victim to the first microbes of pneumonia 
that come his way on a cold night ; and the 
frail little woman who nurses him, of whom 
he could ovH'rpower a dozen, will survive 
him at any vital test which can be named. 

All this is not t(» say that the muscles 
arc not worth exercising ; least of all is it 
to say that tlie lorms of muscular exercise 
which arc involved in play and games, 
esj)ccinlly in childhood and youth, arc not 
worth while. All modern p.sychology 
teaches us with increasing emphasis that 
play and games are the lairmal work of 
childhood, and that they are definitely 
constructive of nervous aiid general health 
in the future, the impulse, to them being as 
normal and healthful as the impulse towards 
food. But that docs not lead us to the 
monstrous and incredible th('ory that 
physical (wercise is the royal road to health, 
or muscular capacity the index to it. 

When the Healthy Man Wakes Up in the 
Morning 

And now let us conside* and a flay 

in the life of a reasoi.ably heallhc man. 
From it we can predic.iie notliing dor 
ccitainas to how he will face an attack of 


pneumonia or a staggeitng grief, but, at any 
rate, he is better to spend his time as 
here described otherwise. 

When the healthy man wakes in the 
morning he does so spontaneously, for the 
excellent reason that he has had enough 
sleep, his brain is completely recreated, 
all the fatigue-poisons of the previous day 
have disappeared, and the brain is ready 
and anxious for spontaneous activity once 
more. Tlic awakening may be sudden or 
gradual — that appears to be a detail of the 
individual — but it is at any rate natural, 
and of internal origin. Further, if-the wak- 
ing be gradual, it sliould be entirely pleasant 
— a feature, indeed, which characterises the 
healthy man’s proceedings at all times, in 
some fortunate people this waking period 
displays unusual forms of mental activity. 
They get ideas then, write good lines of 
verse, compose musical phrases, or conceive 
brilliant dialogue or good plots for stories. 

Apart from this, the healthy man, on 
waking, has no recollections of any state of 
partial or entire consciousness later than 
a few minutes after going to bed the night 
before. In other words, he has ha(l a 
night of continuous sleep of the priceless 
kind which involves no dreams deep enough 
to be remembered on waking. It is certain 
that we have many dreams which we do 
not remember ; it may even be that there 
is no such thing as a dreamless sleep, 
excetpt under the inllucncc of a drug. Jhit 
our dreams should l)e so superllcial, so to 
say, and so v^ague and incoherent, that no 
memory of them is retained on waking. 

The Healthy Man who Leaves his Bed as 
he would Leave a Prison 

Wc differ naturally here, as in all other 
respects, and there are, perhaps, soiiu' 
people who can never obtain sleep of this 
quality, but they should not be too certain 
that it is impossible for them. The proba- 
bility is that broken sleep, or sleep which 
does not come quickly, or sleep complicated 
by remembered dreams, owes its poor 
quality to strain either upon the brain or th(‘ 
stomach, or both, before sleep was sought. 

The next fact about the healthy man 
awake in the morning is that he now w'ants 
to be up and doing forthwith. He has had 
bed ciiougli, and he no more w’^ants to stay 
there than to be in i)rison. It may or may 
not be that he w'ants his breakfast. That 
is not a matter of any signilicance for health, 
for it dei)cnds upon habit. There are 
plenty of people to prove that the best way 
to begin the day is wdth a hearty breakfast, 
and there are as many to prove that the 
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“ no l)n*akfast plan lias made new men 
of them. ft matt(^rs not. One may 
an'an/:(e one's nervous rhythm in any 
lashion for breakfast on rising, or for 
bi'i‘akfast thre<i or ftinr hours later. This 
much may be said, however : if it is the 
iK^althy man’s rhythm to hav'e breakfast 
oil rising, then he is ready for it, because 
lo have a regular and keen appetite is part 
of health. It has to be added, liowever, 
that tliiMX? are conditions attaching to this 
appetit(^. In the lirst ])lac(?, Ihougli variedy 
in food may Ixr welcome, it is not necessary, 
and the apjietite is lor foo|l itself; that is 
tosav, it is agcmuiiK' hunger, and not nu'ndy 
a wish foi' sc(.'nts and tastes in the food. Dry 
bread, for instaiu'e, may taste delicious. 

' S('aici‘ly h;ss inijiortant , both to tlu^ man 
himself and Ihosc^ with whom hi; lives, is 
the fact that, I hough he is ready for break- 
last, hi‘ is not d('S|)era!(*. He retains his 
eipianimitx' if it be delax ed. “ Tempers 
an; short in the morning,” but his is not. 
He has slej)l deeply and wi*ll in pure air. 
and does not displav the breakfast 
tempi'r ” either in waiting for the meal or 
should thi're b(‘ an untimely interruption 
(hiring its ('onrsi* ; he is ” master of him- 
self, though ('hiiia fall.” 

How Long should the Healthy Man Sleep? 

\t this ])oint tin* ri’ader may say that we 
hase lorgolten sound hing. How long did 
the heallliN' man sleep ? To this tin' reply 
is that a doctor neither knows nor cares, 
if wi; know its (diaracter and its fruits, we 
need not be in the least concerned about lh(» 
duration of his slee]' ; it may have lasted 
live houis nay, in an old man, it may 
havi' lasted Inur ; or it may have lasted 
nine. Pi'ojde vai y individually in this 
I’espt'id, and it is extremely probable that 
we can train ourselves to sipieeze more 
sleep than formerly into a given time. 
Slee]) cannot, indeed. bi‘ measured by 
till* cli;ck. lor tluuigh that will give us 
length it cannot give us di‘pth. whi('h of the 
two, is the more important. The old 
|)ro\’erb says that an liour's sleep before 
midnight is woith two after it. and another 
says that health and other tilings follow 
upon the ])ractice of “ early to bed and 
early to rise.” Tlu'se statements are not 
hue. though tlu'v are sutVicieutlv con- 
nected witli the truth to be useful as a 
geniaal doctrine. Wdial is hii** is tint tlu‘ 
earlier hours of siceji .in' muce ‘i. epi-r and 
Hiereloii' more vahiabli' I h oi the later 
hours, as (•ar-'fiil ixperiment has ])roV(Hl. 

.\lso. there is iniieii lo be said lor the 
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doctrine; that if we hAVe a usual Imur for 
bed, it is better not to be much later. Not 
the absolute hoHr but the regularity is the 
thing that matters, though even tliis is a 
rule some people can defy with impunity. 

Now the healthy man has work to do, 
not necessarily for money, not necessarily — 
if indeed pijssibly — too irksome, but work 
nevertheless, and certainly work which 
involves some measure of effort and entails 
some vital expenditure. We know this for 
certain about the healthy man, because we 
know that no one w'ho has not pleasant and 
congenial work can be healthy at all. ' 

The Importance of a Change of Interest 

before you Go to Bed a 

Tt is probable that, if the heallhy man’s 
healih is lo be maintained, his work must 
be of a kind which, whether in itself or 
be(‘iLUse of some ideal end which it serves, 
exhilarates him even while it makes de- 
mands upon him; and it follows from this 
that it must be work adu|)t(‘d to his ])ar- 
ticular capacities and tend(;ncies. Road- 
making is in itself a useful and worthy thing, 
but it may n(.)t be idi'al work for all under- 
graduates, John Ruskin himself notwith- 
standing. Another point to be noted is 
t hat , no matter whi't her the work be making 
a book or a road, it is given u]) in time for 
the healthy man to changi' his interest 
befon; he goes to bed. This will be his 
heart’s desire, ft may take the form of 
bad singing or worse verse ; it were well to 
take the form of ;i romp with his childri*n - 
whom the healthy man, in the full sense of 
the word, can scarcely but havi'^ but, 
whatever it be, it is spontaneous, and 
theri'fore in the nature of play. 

The Things that the Healthy Man Does 
Not Do 

Throughout this period, whih' our friend 
may have had his anxieties and fears of a 
r(*asonable kind, he has hail nothing that 
can bi; called ” carking care,” no fon*bod- 
ings or presentim(;nts, no worry in its 
literal sense of the emotion wiiich strangles 
the life. About others and their health he 
may have been concerned, but his owai has 
not entered his thoughts. During the w'hole 
of his conscious day his health has been 
marked not only by positive achievement, 
but by certain notable negations. He 
may have occasionally bi;en bored, or even 
pk'asantly tired, but never weary. Of 
‘:oursc. he has had no pains of any kind, 
iieilher headache nor backache, iK^r even 
” hunger ])ains,” if he found it convenient 
to miss a meal, wiiich the healthy man can 
do withcnit inconvtuiience at any time. 
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Throughout the day, not only has he never 
given a tliought to his own liealth, but lie 
has been totally unconscious*of his own per- 
son, and all its parts, save incidentall3% when 
washing and dressing ; and even then not 
quite consciously, for his mind was mostly 
elsewhere. He has, of course, never once 
thought about his digestion; and if he were 
asked about that subject he could afford no 
further infoimation than that at intervals 
(luring the day he enjoyavA depositing certain 
lliiids and solids in the largest aperture of his 
lace, but that of their subsequent history 
lu! has no record wliatiiver. As for his 
tongue, he doi^s not remember ever having 
'seen it -he wouUl as soon carry a pocket- 
lliennometer ; and indei'd he inclines to the 
healthy vi(‘W that tongues unlike children 
as our ancestors misunderstood them — 
should be. lu'ard and not seen. 

It need hardly be said that the healthy 
man swallows no medicine, not ev’en a dinner 
])ill. !!(' nivds nothing but food and watiu*. 
Ills thirst is thirst, and not a cra\'e ; his 
hunger is hunger, and not an itcli. He ma}' 
have taken a. small (luantity of condiments 
other than salt, which is a true food -in 
Iiis (li(‘t, but he did not nei^d them. 

The Healthy Man who Eats and Drinks 
What and When He Likes 
If is diet was small(*r in amount than most 
'i)! the w('ll-to-do are nowadays content with. 
'Ihiis is partlv due to the fact (hat, being 
healthy, he utilises all tlie nutriment he 
consumes, l.)U( still more; due to the fact 
that his desire lor food is true hunger - 
such as maiiv t>l us have not ex])(‘ri(*nce(i 
lor yeais - and also to the fact that lu* did 
not stimnlate it by any artificial nu'ans. 
Not only is his total diet small, but the 
■iiuantity (»f meat in it is conspicuouslv so, 
\vhil(‘ saiK'es and soups and gravic’S have 
iill beiMi somewhat neglected. It is jirobable, 
also, that he has retained the sweet tooth 
he had as a boy, but most men uowadavs 
liave l(»st their appetite for sugar, which is 
sucli ail admirable food, owing to their 
taking alcohol. Most men who neither 
drink nor smoke retain the liking ior sweet 
things, which is chanicterislic of a healthy 
ajipetite. A'hi* Hermans and the Ja|)anese 
have just increased the cpiantity of sugar 
compulsory in their soldiers’ diet. 

Let us utidersland clearly that in his 
eating and drinking our friend is not follow- 
ing a theory or a te.xtbook, or a medical 
a(lviser, nor is he in the least aware of 
e.xercising anv constraint over himself. On 
the contrary, he eats and drinks what, as, 
and when he likes. The healthy man neither 


takes nor requires any so-called stimulant. 
Indeed, though in a sense onr healthy- 
man is dislingiiislied by nothing more than 
by his self-control, this self-control iiivoU'es 
no real struggle or injury or distress. 
Having no morbid appetites to deal with, 
he is without any need for self-control on 
that score. Being lu;altliv, he is, tbioughout 
liiseiitin* waking life, blessed with that subtle 
but priceless lorm of internal sensation 
which is called by the psychologists “ the 
sense of organic well-being.” 

The Man who is Full of and Blazes 

on Occasion ^ 

He is not overworked nor worried. But 
from these fortunate conditions of health 
it follows that tlic task of keeping his 
t(‘mper ])i‘rfectly thronglajiit tlie day is 
really not a task at all. In no pain or 
distress of mind or body, having iiis sub- 
consciousness ]>leasantly irradiated with 
the “ sense of organic well-l)i‘ing,” whiiii is 
the bliss of tlu‘ eonvali‘seent. how can hi; 
lo.s(; his (eni])er for any small cause ? 

This is l)\' no means to say, ho\\'i‘ver, that 
onr liealthy man is somewliat of a \'ege* 
table; a useful machine, but lallier 
clockish and slockisli ; jilacid, “ safe,” but 
somewliat lacking in colour and certainly not 
” intense.” On the conliai y, tlie heallby 
man is delinitiAy and iieciNsarily active, 
lie is full of ” go,” and ready to bla^e up on 
occasion ; but when he l)la//‘s he burns 
tilings (bat want burning, and does not 
meri'lv get red in the fa('i; and then 
snb.sido. His health |)roviiles him with 
considerable .sel l-conrideii('(‘ and a measure 
of what may bo ralli*d organic ojitimism 
which sets him goinii;, ver\' nailiU’, on all 
manner of enter])! ises ; iu)r is lie nndiily 
de|>ressed if they go w long. He does 
not jump at the shghti'sl souiul. nor con- 
struct burglars in the night from ('leaking 
lurniture, but his senses are entire and 
keen, and gi\'i; him satisfaction in the using. 

When all the Forces of a Man say ** Let 
us be at it . aKaia " 

He gets through an astonishing amount 
of work, and likes it ; and he is neviM* more 
active than when he “ taki;s a day off.” 
He goes to bed regretfully, for there are 
heaps of things be would love to do ; \’et 
wli(*n he gets to bed. InAng perfect 1 \^ con- 
iident that he will soon sleej), hi; ])r()m])tly 
does so, and scarcelv stirs until the forces 
within him say : “ Now let us be at it again.” 
He may be jioor or rich, liunilile or exalted 
in station, but if he answers to I Iiis doscri})- 
tion he is the hajipiest man ali\*e ; ni*)r need 
3*ou ask him whether life is worth living. 
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MAKING THE WORLD ANEW 

The Discoverers and Inventors who are Transforming 
the Earth and Liberating Mankind for a Happier Life 

THE NEW POWERS AND IRON SLAVES OE MEN 


M an is making the world anew. For 
pcMliaps a million years and more 
lie has straggled in ignorant misery with 
n.ilural conditions, but at last he is 
emerging victorious. In his new knowledge 
of the laws of Nature he has found a key 
with which he is unlocking the gate to a 
larg(‘r and a ha])picr life. 

Tliere are yet many i)e()ple wIk^ do not 
discern that everything about them is 
altering ; but those who open their eyes and 
their minds know tliat the power of modern 
science is slowly transforming the world. 
Human life is becoming a divine and lovely 
Ihing ; ])<nTrty is jxissing away, and disease ; 
and man, by constructing iron slaves to 
jKM-fonn the drudgery of labour, is liberating 
liimscdf for a higluM*, fr(?er, hapjuer, and 
more creative existence. 

At a leap man has grown, as it were, 
from an ant into a giant. A few hundred 
years ago he still used only the simpler 
forms of the lever in the most ingenious of 
his tools ; animal strength was his chief 
source of extra- human power ; and the 
most ingenious of his machines did not 
greatly increase the. might of his hand. 
But now he has quicklv gone on extending 
his knowledgt*. and the marvellous power 
honi of knowledge, until he stands dazzled 
and bewildered at the spectacle of the tre- 
mendous forces he is now gathering into 
his hands. 

Were he l)iit now to begin, mimfully, con- 
rKlenlly, carefully, to use all these forces 
^vitli a sound knowledge of their range and 
quality, he would be able, perhaps, in the 
pnLsent generation, to enter into the Kingdom 
)f Man. He could make the earth his foot- 
stool ; and thence he might rise, from his 
dudy of thci heavens, m.astcr of the mysterious 
power which fills the spares of the universe. 

But at present onr ideas are not com- 
Tiensurate with our powers. We are 


like a starving man who has suddenly 
come into an immense fortune without 
knowing it. That is why we arc still ajd. 
to see only the darker side of the age of 
transition in which we live. For a lumdred 
years wc have been making the worst of tlic 
best of all ])ossil)le worlds. 

Instead of using, for instance, the mighty 
power of the steam engine witli the large 
vision and the steady forethought it re- 
quired, we have allowed it to produce on 
human society the disastrous effect of a 
blind force. The growth of our great 
cities, th(; rapid populating of America, 
the expansion of our coh)niL‘s, the entry of 
Japan and ('hina into the field of Kiiro]>ean 
jx)litics, are among the direct consequences 
of a trivial event in (Glasgow in the middle of 
the eighteenth century. A moilel of the 
jiiinijang engine invented in 1705 by an 
Knglishnian, Thomas Newcomen, and 
already used in a few instances to drive 
machinery, was taken to an ingemious 
mathematical instrument maker to repair. 
When it left the hands of James Watt, 
in 1769, the engine had been transformccl 
into a mighty jxnvcr which has produced 
over all tjie world a revolution conqiared 
with wliicli the French Revolution lias no 
historic importance. 

Put on wheels this wonderful thing 
became the steam locomotive ; ])laced on 
a boat, it developed into a marine engine ; 
installed in mill and factory, it armed the 
feeble hand of man with a force to which 
no limits could be put. and • laid a sure 
foundation for all those future miracles of 
mechanical power which are to redeem 
mankind from the harder and duller 
forms of toil. 

Certainly the steam engine has been a 
great ixiwcr for good, but much harm also 
it has done. It has created the industrial 
slum — the foulest blot that ever existed on 
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tills fair j^M'ccn j)l;in<*t of ours. U has l)ro\ifj;lit 
about a (l(*.:4<‘iu‘satioii of some lar^^e sections 
of our workiiii^ population, bor sc'vtaity 
years villa^jes liave swiftly f^rown into 
imineiise, sombia*. and unlieallhy cities ; and 
tlion^li this f^rowtli was almost eiitin'ly duo 
to tliir controllable huc’c ol the steam i*nf<ine, 
no sfat(‘sman ev'er triial to make the develoji- 
ment ordtaly, \vell-])lanned. and contlucive 
to the ^^(Mieial welfare of tlu* race. So, as 
man failed to exa'icise his ncnvly won 
command ovcu' Xature, tlu^ lorces he mis- 
handl(Ml were turned ai^ainst him. Nature 
has still one d(*adly w'ea|)on left at^ainst her 
rebellious ^on -the wea])ou of disease ~ 
and she has us(‘d it ruthlessly. 

The Defects of Civilisation which are the 
Main Cause of Disease 
'I'he reader will jirobably be siu jirised to 
k‘arn that th(‘rc is |ira('tically no disixise in 
a stall* of nature. Disease in both man 
and animal is the symptom of a defective 
ci\ilisation. Nearly all maladies are pro- 
duced by microbes, but these ])arasites 
live ill tile blood of wild animals without 
])rodu('in^^ any illni'ss. ft is only when man 
briiif^s his domeslicateil races of sheep, 
eattie, jiif^s, and horsc'S into contact w'ith 
the inicrolu* that disease originates. It is 
till* sarnie with thi^ ])lants that man cultivates 
for his own use.. In a wild state, and in their 
natinvd soil, the wheat, the jiotato. and the 
vine are not hurt by the epidemics which 
sometimes juoduee a famine in civilised 
lands. 'I'he lit test in each torm of life have 
been selec.led by a long, fuMce struggle for 
existence, and brought into a condition of 
adjiistmenl to their circumstances. Pro- 
hahly jirimitiNc m:m was in tlu* same case. 
He hecaine suhjri t to disi‘ase when, in 
attem|)tiiig to h.iild uj) a cix'ilisatioii, he 
set himsell to interlere with (lie delicate 
and efheient I lu lance of Nature. 

The Power of the World To>day to 
Abolish every Epidemic Disease 
III a ]H*rle' t civilisation man, and the 
animals and plants he uses, w'ould bo as 
fr(‘e from disease as they are in a state o 
nature. Means ire not wauling to bring 
alH>ut this happy consummation. If Ims 
lieen calculated l)y Sir !{. Ray Laukcsler 
that, by the aj)j)Iiration of known metliods 
of rcscareij and prevention and cure, every 
epidemic disi'ase could be abolished within 
the next fifty years. Anolliei eminent man 
of science, Pndessor Mi'ti'hnikoff, of the 
Pasteur Institute, has rei.iOK .lI^.ov(’relh 
after jiiany year^ of ^tuib , lhat whal now' 
passes l-or .senility is a microbie disease. He 
has even found t!;e microbe wliicli brings 
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ai)ont Ibis ju'emalure (;eain, ami it is more 
than possible that be has also discovered a 
metliod of pre^venlion w’bich wall enable 
man to live, in full possessimi of his faculties, 
twice as long as ho does now. 

This new ])ow'or man' disease is .surely 
the most imi)ortant of man’s achievements. 
Without it his triumphs in e.vcry other 
field would but throw a sunset sj)lendour 
over the history of tlie human race. Man- 
kind would indeed resemble a young man 
of genius, such as Keats, wlio, fatally 
stricken with consum])tion, died at the 
moment wliim bis piiwer promised to 
equal that of Shakespeare. Now, liow- 
evin*. wa' can look forward w'itli a strong 
and steady conlidence to the future. Not 
only have we at hand the means of sub- 
duing the strange and invisible armii's of 
death, but we have gone on in the last 
few^ months to harness sonu’ of llie microl)cs 
and make them win us our bread. 

A few years ago a famous man of science 
excited serious ap])reliension by raising tlu; 
])roblem of the food resources of the world. 
One of the capital effects of the modern 
industrial revolution w^as to increase in 
an extraordinary manner the population of 
some of the more progressive raci's. 

The Prospect of ao Overcrowded World Driven 
to a Desperate Struggle for Food 

The large; vacant spaces of the earth 
w^i*re (piickly ^leopled, and transformed into 
great hives of labouring liumanity. Abun- 
dant food w'as obtained for tbc'si; pione(;rs 
in the large tracts of virgin soil on wliicli 
tlicy were slow'ly aih anciiig. 'riu*ir advance 
is mnv almost at an end ; tlien; is Jio more 
empty land ahead of tliein. 

Yet ill the places where t hey lirst camped, 
on the j)rairie or in die fon^st, ha\e spriin?^ 
up huge towns resonant w'itli the roar of 
machinery and loud wntli the trallic. of 
long, dark, streaming crow’ds of workers. 
Thus ill the last ten years tlu'ie has been a 
uiiVeisal rise in the price ot many of the 
necessities of life, owing to the general 
increase in ])o])nlation being out of all 
projKution to the increase of Jiew wlieat- 
iicrtls and new ]xislure lamls. 

So on this economic fact there was lately 
built a gloomy view of the jirospects of 
the liiiman race. The cotupiest of tlisease, 
it sei;iiied, would only aggravate the ulti- 
niale diiyiciilty, for by enabling man to 
live and breed in greater numbers science 
W‘»uld only hasten tlu; day wdieii a di‘sperate 
liiimanily, brutalised by overcrowding and 
the struggle for food, would return to the 
most savage form of warfare. 



i machinie that walks to its work 



A IIUC.K STlili:!. STRUCTITRIO WHICH WKKIHS 2<)<> TONS, AND MOVKS STliT HV STKT AT .|0 FItKI AN HOUR 
'I'his plalfonn, rarryini; a massive- e lvcd ic: c raiu.-, has two trammvorks, one inside- lliu otlu-r each with 
four k‘j;s. It slands on its oulor k*j;s, as shown in the iiiclure. Wlu-n it is to be moved, the inner 
slaj-e slidc-s forwards or sideways. by ek^ctricity, and the Iei;s aie k^wered to the posilum ot the dime I 
line;s. The outer staj;e tlr n slicles forward, the legs rising and falling, and carrying the stage onwarc . 
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It Wiis a wild prospect — a tragic matter of popular cfemcern. Many pec )j)K. 
vision of the mightiest and most wide- began to ask how it was that the moro 
spn-ad of civilisations expiring by over- advanced communities of civilised men did 
population. ~ nothing to prevent the multiplication of 

^ Hut the ghastly nightmare has now the unfit, especially of those poor stricken 
vanished before an apparently slight dis- men and women who hand down to their 
covery in tlu^ study of a microbe 1 Plants children the seeds of terrible diseases. TIk> 
feed on nitrogen. Up to the present we have reply was rightly made that man could not 
let them find most of their food themselves, control the reproduction of his species 
When they could not find it, we regarded until a thorough investigation had bein 
’ made of the laws ot 

breeding and here- 
dity. It seemed as 
though this inves- 
tigation had only 
been carried out 
roughly by breeders 
of animals and 
hort icul tu r ists; 
b u t fortunatc'lv* 
some precious dis- 
coveries had been 
marie about foity- 
tivc years ago by 
an Austrian abliot, 
who had becni 
unable to obtain a 
hearing from men 
of science in his 
lifetime, and whose 
achievements were 
lost to the world. 
Some of his jmpers. 
liowever, have now 
been found again, 
and on tlu'in has 
been established a 
new scic'iice ol 
heredity and 
breculmg — known 
as Mendelism, aftr i 
the Al)bot Mendel 
— to revolutionise' 
agriculture and 
stock-breeding. 
This new science 
promises also to throw much light on the 
mysterious ])rocesses of human life, and 
thus give man a strange })ower over the 
future qualities of his own race. 

During the time in which these advances 
have been made in the control of the forces 
of life and death and birth and growtli, 
a wide and far-reaching progress has been 
achieved in many more (lirections. New 
discoveries of great importance are taking 
place almost daily. I'he entire foundations 
of physical science have lately been re-laid 
by Sir. J. J. Thomson and his fclloN'- 
workers. It is not extravagant to say tlud 


the soil in which 
they were ])lantcd 
us infertile, and 
tr()ni)led no more 
about it.* Now. it 
seems, we can 
arrange to fe(‘d the 
vegetal )K‘S we wish 
to foster. The 
earth is largcdy 
com])osed of waste 
nitrogen ; ther(^ is 
moH' of it than the 
lunnaii race will 
ever recpiire from 
which to grow 
food. The (iiu's- 
tioii’ is whether 
free nitrogen (an 
enter vegetable 
tissues, and 
whether <’ertain 
microbes (an con- 
tinually provide 
the nitric nitrogen 
on which alone 
V eg e t at ion can 
Iced. Experiments 
an* now Ix'ing 
carefully ma(l(‘. 

'The n'sidts are 
not yet hdly 
kiunvn, hut th(*y 
are so promising 
that it is c('rtain 
that a new int(ui- 
sive kind of agriculture will he used in all 
fanning operations of the near future, and 
that the human race, however it increases, 
will never fail tor want of food. 

Yet. though the nightmare of diminishing 
food has vanished, it has done good service 
by siiinnlating thought about another 
matter, of vital interest. Eugenics, the 
science of hiveding sound and able human 
beings, existed, in fact if not in name, 
before Sir William Cns.ikas dir^vteu att- n- 
tioii to tlie problem of (air fo(xl supplies: 
but this problem, in iir. connt?ctioii .with 
over-population, helped to make eugenics a 
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TIIK VAST POWER OF NORWAY’S WATERFALLS 
<-(|ua1liiiu ihc |)(iwfr of tiyhl million horses, and now heiiii; rajiiilly deve- 
loiwd with the pio.spect of buildiii); u)>fur Norw.av a great iiidnslti:il future. 


'HE POWER OF A RAILWAY IN SOCIiri'Y 



THK SLUM INTO WHICH A SLOW RAILWAY DRlVliS PEOPLE TO LIVE 

X good or fast railway is a (x*ntrifugal force, spreading people out, as shown in the top diagram ; ; 
)ad or slow railway is a centripeftil force, drawing people in, as shown in the diagram at the hottom 
V good railway helps to build iii) population in the countryside ; a bad railway helps to make slums. 
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there are at ])resont anions us men of 
science who may rank with Sir Isaac 
Newton. We live in an ii^c. of intellectual 
giants ; an agt* of splendid acliieveinent. of 
glorious insj)iration, of niagnilicent prospect, 
full of ideas of large sco])e. capable of exciting 
the mind to noble enthusiasm. 

We ar(j living in the veritable Kenaissance. 
(’ompared with it, the revival of learning in 
the lifteenth and sixteenth centuries vvas 
but the faint glimmer of dawn ; the stir ol 
new thought in the seventeenth century, 
the movenu‘nt of enlightenment in the 
eighteenth century, wen; only a distant 
gleam of rtie break of day. Now has come 
full iiooii ; the light of the n(‘w knowledge 
shines over all the peoples of the earth. 

The New Knowledge which is Awakening 
the Intellect of Sleeping Races 

Under its kindly inlliience the intellects of 
the races of the Far Fast have awaki^iu‘d 
from sleep ; and in Japan great men of 
science, like Kitasato, are appearing and 
working in friendl\' rivalry with the best 
minds of the Furo})(‘an world. In modern 
science all the higher races are finding 
common ground where they can meet and 
understand (‘ach other, aiui work together 
for the good of mankind. 

The unltication of the Jiiiman race is now, 
for the first time in all history, in course of 
being accomplished; and chief among the 
factors concurring to this liapjw end are 
modern scieiu:i‘,. the industries born of 
scicuice, and the vast and subtle web of 
commerce and finance ])roduced by the 
growth ot industrial p«)wer. The great wars 
of a hundred yi‘ars ago are now In'coming 
a practical i]n|)ossibility. So closely inter- 
woven are the trade and traflK' and monev 
markets of the higher nations that asuci'c .s- 
ful campaign against any great Power would 
now almost ruin the (’onqueriug state. As 
Xormaii Angell has jn.iuted out, the 
military sei/iire or ilestructioii ol the wealth 
or trade ot oiu^ nation by another has 
Ik come an ec'onomic impracticability. 

Men so Busy Fighting Nature (hat they 
have no Time to Fight Each Other 

For, owing to the delicate interdependence 
of the niodtun international credit system, 
the colIaps(* of the \aiu|uishe(r race 
w’ould necessarily iuvol\a‘ the coiKjueror. 
Indeed, ivvim an attenijU lo |)lac(' a delcateil 
})eople at a conmiercial and industrial dis- 
advantagi^ would now react very injurioiisl\' 
on the victorious coiinti\ 'f'la means (/i 
instantaneous coinmur.icad'Mi lUwc'lopeil 
within the last thirt\ ye.u ^ has made the 
system of iiiterM'jfi.)nal eredit so over- 
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whelming a p»)litical mrcc that no navy «»r 
army can ultimately ])revail against it. 

All this is an,unforcseen and extraordinai y 
result of the harnessing of the strangest and 
mightiest of natural powers — electricity. It 
is the telegraph and the submarine cablr 
which have created the delicate fabrir 
ot international credit on which now 
depend the [)eace and prosperity of nations. 
Wiiy w'as it that no wild, ruinous civil war 
lately took place in Mexico ? Because tin* 
pacific interests of the Mexicans are vitally 
and intricately connected with the pacilic 
interests of the IJnitod States and Eui'ojk*. 
The whok^ civiliseil w'orld is growing into so 
huge a worksho}) that any serious distuih- 
ance in any part of it cannot be permitted. 
So busy arc men in fighting Nature that 
th(‘y have no time to fight each other. 
Mammon himself has been transformed into' 
a p.olii'eman, entrusted with the beneficent 
W'ork of ke(‘ping the peace of the world. 

And (hiring this peac'e, what high and 
fruitful things are being achieved! We are 
spectators of a battle for industrial ])()wa‘r 
between steam and electricity. There can 
little doubt that electricity will in the end 
j)r(‘vail. At ])reseiit, how^cver, tlu; iiiveiilioii 
of the turbine s(‘ems to have given to steam 
a new lease of life. It is the most important 
sti‘p in engineering since the days of Watt. 

The Marvellous Horse-Power that Lies in 
the Coal Mines of the World 

Applied first to tlu^ driving of dynamo- 
electric inachinery, it is now being used to 
revolutionise navigation. By means of llie 
turbin(‘, sti^ainships have Ikhui transldrmi'd 
into travelling towns, speeding across tlic 
o('(‘an at a record ])a.ce, and bringing 
Fiiroj)e and Anu‘’ica nearer together than 
London and hklinbiirgb w(‘re 200 \vars ago. 

It is ])robabIe that tlie next great advanc(‘ 
ill the power of steam W'ill be effected b\’ 
sonu^ kind of internal combustion engine. 
At present stiKim is made by what is 
])ractically the primitive method of putting 
a kettle on a fire. This means an extra- 
ordinary waste of energy. If, however, a 
way wer(‘ found of putting the fire inside tlu* 
kettle, all the heat would be used in trans- 
forming water into steam. Then, if the steam 
power were directly applied in turning the 
vanes ot a hliaft, as is clone with a turbine, 
steam power might for ever remain one of 
the grand forces of mankind. The stcam- 
ongine is fed by the coal-bed, and there is 
still available in the mines of the world 
enough coal to create fifteen billion horse- 
power for 12,000 yvars. This estimate will 
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surely be greatly increased when all the Already Mr. Edison, it is staled, is about 
coalfields of the earth are discovered. » to revolutionise our means of urban traffic 
Yet the age of coal aiid steam and the by substituting for the petrol-driven motor- 
smoky industrial cities which they have car and omnibus cheaper and more efficient 
i)roduced is even now about to pass away, electrical vehicles with a new kind of storage 
For the era of electricity is at hand. As battery. It is not merely througli a few 
Sir William Ramsay l>as recently pointed inventions of importance that man is adding 
out, it is now possible economically to con- to his powers. Countless small new devices 
vert coal at the pit-mouth into electrical and new discoveries are increasing the con- 
energy, by using turbine or gas engines, venience and pleasure of civilised life, 
and then by means of wires to distribute Many of these new devices are so simple 
the electrical energy to the place where it that no one stays to explain them, and 
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is needed. We are still waiting, it is true, they often remain mysteries even to many 
for the invention of the grand instrument who constantly use them. With regard to 
in the general use of electric force — a cheap, the means of travelling, for instance, how 
light, easy means of storing electricity in many cyclists understand the mechanism 
considerable quantity. Some of the most of the free wheel, which has added the 
ingenious minds in every progressive race new delights of “ coasting to one of 

are busily searching for the storage battery the most popular forms of open-air 

which will make electricity the most useful exercise ? As will be seen in the picturo- 
and powerful and varied of all the forces in diagram on page 8S, a little arrangement 
the service of man, so that it is likely that lor releasing a pawl from a ratchet con- 

this very important discovery will be stitutes the secret of the free wheel, which 

achieved during the present generation, has revolutionised the art of bicycling. 

8j 
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As soon as \v(i ('an slorr cU'ctricily in any 
lartjn amount \v(; shall lx* al)lc to return to 
one of the most primitive sources of cnci'i^y. 
the windmill. ('(Jiitrary to popular 
opinion, the power obtainable from the 
wind is very ronsi<lerable, and, simple 
thou.ijh th(* windmill is in constriietion, it is 
an admirable maehine for the |)arpose. The 
f)nly (lisadvanta^m of wind jxiwer is its 
intermittent iiatun*, and the cost of storaf^i*. 

Similar disadvanta!.;es secun to attach to 
all the actual instruments invented for 
harnes^ini; the powers of the moon and tlie 
sun. 'riui titles caused by the swin^ of 
till* moon mi.ijht suj)ply enej/Ljx' if lh(*y 
could be Iransfoiined into electric power 
aixl distribut(‘d in a reffular ilow from a 
resi'i voir ; tlx* same remark aj)|)li(‘s to the 
xaryin^^ heat of the sun, thoui^h in our 
cloudy (”limat(‘ perhaps little power is likcdy 
to be derix'ed from the direct utilisation of 
solar heal. What is wanted is a new and 
I'Hicient means of obtaining constant and 
adjustable sourc(‘S of energy ; and thti 
forces of wind, tide, and sun-rays must go 
on running to waste until the great storage 
battery is discovered. 

fn the mea.ntim(*, electricity is alrc'ady 
in courst* of ('hanging for the better the 
conditions of our urban life. In ])lae(*s 
where there* is a large supjdy of natural 
pow(‘r, a nt‘w kind of town is appearing. 

The Pleasant Kind of Town that People 
will Live in More and More 

No lori’st of factorv ('himiu'ys darkems the 
sky and (U'tiles the air of these; ni'w towns 
with (*vil tunics ; no coal tires in innumerable; 
ugly littl(‘ houses till the rooms with dust, 
and thicken tlu; winti'r fog and soil the 
summer lu'aven. ICve'rythiiig in these nt;w 
towns is swe(*t and clean and h(*althy. 
Flowers grow in beauty around (fie 
('oltages of workmen, and among the 
tlowers are haj)]))- I'liildren with rosy clu'eks 
and ('U'ar. bright eye>. A single current of 
electricity do« s all the harsher toil. Ikirn 
in a strong stri'am ot water falling from 
sonu* moimtain and swirling a tew niil(;s 
away from tlx* town, the electric force; 
runs ahmg a cable to some distributing 
house, and tlu'iice through a network of 
wires into t*\-erv building. At night it 
tills the streets and tlu* dw('lling places of 
the |x*opl(‘* with light: it can do all their 
('ooking : it links them closely togrtlier 
by telephone and teK'grani, niul enables 
them to spc'ak with peopi*- hmui’eds o| 
miles distant. It drives e\'erv ipiece of 
machinery, and make.^ even the factory a 
oiiglit an(.l h(*alth\' of toil. And how 
S-f 


docile this terrific force has become ! In tlu* 
electric citic.s of the future one man with 
Ins finger on a le\*er wall be able to control 
the striMin of subtle pow'cr forxvery kind 
of work required by the community. 

Already the cheapness and the infiniti; 
utility of electricity arc effecting an impor- 
tant change in the industrial powder of various 
countries. Moimtainoiis lands which have 
been unable to compete with the groat coal- 
producing regions are developing manu- 
facturing centres w'ith immense resources. 

The Hu^e Possibility of Water Power and 
a Vision of the Electric Age ' 

Norway has in her great waterfalls, 
and mountain torrents the power of (;ight 
million horsi's. Recently a single power 
station at Rjiikan iiicri*ased its ca|)acity 
from ^jo.ooo to 25 o.(X )0 horse ])ow'i;r by 
spending meri'ly ^f'^.ooo on a rest;rvoir. 
The result of such dcvelojiment is that 
(;l(*ctricily is hec()ming much chca|X‘r in 
Norway than steam ])owi*r, and the Nor- 
wegians are swiftly huildiug uj) a great 
industrial future. They use electric fnr- 
iiaci'S for smelting iroii, and by nii;aus of 
i‘l(*ctrii'ity they manufai'f uri* large (piantities 
of lime, soda, and ammonia IVom tlu* air ! 

Hiis is. indeed, one of the strangest 
of n‘('cnt discoveries. Having at last ob- 
tained control of Nature’s might i(*st force, 
man is now e.xploiting llu; air as w'ell as the 
earth, and obtaining from it tlu; substances 
he requires in his daily life. 

. Hut a still stranger thing comes into our 
vision of the electric age, for electricity is 
being used in a w ider known but scarix’ly less 
womlerful way to transmit ])iclnres over an 
(U'dinary teli’grapbic win*. A wavi; of light 
movi'S over a .spi‘cially-prepare(.l drawing, 
and in so doing sets up a series of electric 
imjndses, w’liicli reproduce tlu* picture on 
a (Irum fixed on a receiving a|)paratus. lii 
this way plu)togra])bs can be sent from 
l^iris to London in a few' minules; and our 
picture shows liow' a seem* in London might 
lx; reproduced in Fxlinbnrgh almost iinme- 
<liately by this r(*niarkable invention. 

The great Steel Man that Strides about 
the English Coast, Blasting away Rocks 

There would seem to be no limit to the 
use of electricity or to the sort of liabitation 
in w'hich this force may dwell. 

A London firm of engineers has con- 
structed something like the Martian Man 
of Mr, Wells’s imagination. The Walking 
Man of Whitby — shown in a j:)icture on 
another page -is an enormous machine, 
which is now striding about the English 
coast, biijlding harbours and blasting away 




\\ell may we iniaj^ine llie scene which our artist has depicted, where the condor, kinj; oi the air 
lor ages before history, meets a man in the skies with a challenge which says “Who are you?” 
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TOR GO 

Something like lo.u..) 
things go to the making . >f 
a iiiotof'Car, and the way 
in which the romph v 
parts work together a , 
smoothly as a watch 
perhaps the supreitt*; 
achievement of tin* 
modern engineer. Thesf 
fncturcs show very rough I \ 
the inuiit principles of tin: 
working of ft mofOT'car. 

A is the inlet valv.-. 
open ready for the gas 
to ritsh in. H is thr 
t:xh.TUst valve, whii.li 
opens for the (ised-uji 
gas to nish oMt. (' is 
the sparking plug, with 
its electric wires, whitli 
fire the petrol ga.s. 1) i.s 
the current of air inix<.l 
with petrol going ui) in 
the inlet valve. K is llir 
jiiston attached to the 
fiy-wlieel. ll'his wheel 
is .shown here the. wroiiu 
way for the sake oi 
clcarnes.s.l 'I'he arrtiw 
on the piston cap shows 
the way the piston goe.s. 

When the engine i.s 
started, the petrol is 
fore cJ from the tank 
under the seat, along the 
pipt^ intij' the carburet ter, 
shown in the first picture, 
and here the petrol i* 
sucked up through a small 
hole, and, mixing with air, 
becomes gas. 'I’his pfoctss 
begins with starting the 
engine by turning the 
crunk in front ol thec.'u, 
which sets going all the 
machinery of the engitio. 
.so that it continues anlo- 
inatii ally. 'I'he fly-wheel, 
which, of t.ourse, is 
tinned by the first turn of 
the hamlle, forces uj) the 
piston and ci*in presses tin 
g.as into the smalli'-t 
po.ssihle space, ilosiiij. 
the inlet valve so that 
tlie g.as i.innot escape. 

The electric spjirking 
plug is timed to spaik at 
the instant when the g.is 
is fully coiiipre.s.sed, aii-i 
so canse.s an explosion. 
'I’hc force of the explosion 
drives the piston down 
again, ami so the II y- 
wheel goes rouml, nvivini; 
the roail-wheels, to whii h 
il is attached by ft chain, 
though in most new cm- 
the chain is now dis- 
pen.scd with. 

Hut .another important 
work must he done in 
the cylinder before tin- 
car can go. After the 
ex'plosion the inlet valvt 
clo.scs automatically, and 
the i exhaust valve ( b) 
opens for the used-up gJ»'' 
to escape. 'J'he gas rii-shc' 
down the exhaust pip‘' 
and out Lhrou.gh tin 
silencer, a box containin'’ 
plates .at diflfcrent angles, 
whii;b break. ^ the noise 
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rork to (l(‘cpon cliaiincls for sliips. It lias 
h‘L;s, ;m<l when it is walkiii}^ on looso 
it wears Iiii;;n; saiul-slioc’s. The li%s 
are workeil hy eltu tririty, and so is tlie 
mighty erane with which it does its work, 
'riie steel monster weighs about 200 tons, 
and its legs are feet long. It is so strong 
tliat it does not need to move out of the 
way of tlie r)last oi the dynamite cartridges 
w'hich it i:ses on the rock beneath. The 
heavi(‘st sea can lireak against it w'ithoiit 


and .safely, fifty miles m nan’ an hour, the 
homes of rich and poor will again be set 
;miong green fields and wind-swept cliffs 
by the sea. The United Kingdom will 
be a garden kingdom. Factories, no doubt, 
will loe scattered over it, but,, being run by 
electricity, they will not spread soot anil 
blight on the woods and meadows around. 

One might naturally think that the great 
speed of travel necessary in bringing about 
tiiis revolution would be attcndetl with 


disturbing it in its labour; it walks out terrible dange 
and toils in rough water in Dover harbour case of a co 
wIk'ii no slii^> could riMiiain steady for a makes collisii 
crane to lie w()rkcHl^fr()m it. 

t ion With a man in Astra- 
chan whil(‘ wt^ an* travelling 
through Kngdand on an Jk 

e\pri‘ss al sixty miles an ^ 

hour. 'I his, however, is not /|| 

th(^ most imjiortant thing C^l 

about the railophone. It 
has a bc‘aring on the de- 
velopmeiit of the railway. ^ 

Now’ that the monorail lias 
bec'onit*, by tlu' 11^' e ot the 
gyroscoju*. a practic'able 

iiK'aiis of tralfi(\ it is L 

highly probable that we ihk i kki: wuikkc oc a jncvci.iv 
shall be able to spei‘d \\v pLwIal, tlif rliaiti imivt s tlur iutUlicd 

1 '.-...%, , J..,. » I .1 i wlifcl loinul, anil a iniiiiliir <»f iii>ti lits 

Oin ])la( t to pl.K e at a insiik- r ai.ii against linli* hiuvatiU* liall-diM^, 


dead', b\’ 
w’ork(‘\! ' 
of itj. 


hundred miles an hour, and ‘-.nymi: 1 

one l)ii|)p\’ lesnll of this jH'd.d, imMiwr. iii«*« 
will lu- ihr .iii[„M..i. (.f 
onr now’ ovei grown cities. 

A slow railway is a c('ntripelal (dice; it 
draw’s the In'st tde «)t the ('oiintrysidi' into 
a vast urban maelstrom. I he social history 
of neaily all civilised peoples for the last 
sixty \’eais is merely tlu- historx of an 
enormous swirl of po|)iilation into a magic 
radius of tfirei* or loiir miles, to suffer tlune 
[ihysical aiul moral disaster less ap})a!’eatiy 
icnte. but event e.ally more' .'^palling fi* the 
niagination, than any pesiiieace tnat ev»r 
swept the world. A vei y rapid railway, 
m the other hand, is a centritiigal fi)iee. 
A'heji mankiiul is .ilee to travel, cheaply’ 


terrible danger. What W'onld hap])en in the 
case of a collision ? Well, the raijophone 
makes collision on a railway impossible. 

Not only will every train be 
win^lessiy coniKicted with the 
tele|dione system, but each 
(Migine will be linked to all 
the signal-boxes that it 
passes ; and every train w’ill 
l)e in automatic communica- 
tion with th(^ trains luxirijig 
it. When tw'o trains ai)proach 
so closely as h? be in the 
^ “ da.nger ;?one,’' a w’ireless 

b'l^phonic circuit will bi* set 
1 np automatically between 
th(‘m, and bells will ring to 
w’arn the engine-drivers to 
;!Void collision. Moreover, 
a train wiiii'h is overtaking 
^ another mav bi* uict.'u, 

rk'n/1’ h\’ ^ all tin: 

‘ 1 *' rtKvchiiiery of the engine, 

W’OrkC’y' 5,0 that it continues antn- 

• of it * mati..dly. The fly- wheel, 

^ ' ‘V* Vl I tunii-d hy the first turn of 

wMtj the handle, forces HP ih« 

1^!^ *■■#. ■ 

^ ^ pnssihle space, closiivj 

i the inlet valve so that 

. OC A JUCVCI .Iv ll,« t;as t aiinot escape, 

iti iimves tlie tiujllied iinp ^ elet li’u, sparkiii- 

iiiiinher <»f iii>ti hes ‘ ' phi.15 w tinieil to spark ai 

le hiuvatile iiall-disi s, WC , MM:£ the instant when the 

huh of tl.r hicy le . co.l.pievsed, au'J 

len we press on the fmfW , ^ „ ..vnlo-viiiu 

ill and I.Lthed wliee! ^is^S ' 

I.awls .slip wvei the f/ , '1 he force of the exploSMi 

ih tu j;in)n lexiilvini;. amoil^f drives the piston dowi 

nlosivii .ajiuin, and so ‘he fly 

• • ^ ' vvlipel iroes roiiinl, moviiu 

corning a prime mo The ^..Iw heels, to whi.^ 

value. Hy ^'niploving it is attached hy a chain 

iKnilo some v.-,po„risc(l, rlin'r-rX 

ami wondi'i liil explosn 1 ,H;nsai wUh. 
iiivenk'd. Set 011 four I 

a motor-car, with a V(‘lo|( cylinder before th 

miles jui hour; placed oT i wr^can go. After th- 
the “oiler.” wliirli is i; ■ 

I'mstin}' from the seas i , ^hT^hima” »as-e’ (K 

■^teamsllip ; and, fitted! j opens for the used-up ga 
L’aiTicS man high in t?' ? to escape. The gas rush* 

the swiftness of flighty ‘^" 1 * « "If 

I' wver ol the eagle. silencer, a box coniainm 

plates at different angl*" 
•jiKLS whiidi break., the nois 


<>i p.iwls, c.iiisiiil: the huh of tlir hw yi le i 
ulu'cl 111 ri‘\i»l\»’. Winn) wf press mi tlu- 
Jieil.d, linwiver. tliedi.ui) and loulhed wlietd USl'S 
slup iiiiiviiit; ami iln- pawls .slip wv«:t tin- 
Hull lu-'-, .dliiwiu;4 the huh tu no »)u rexolviug. aillO 


rrKR 

f 


])losivo 

coming a prime mo' 
value. Hy employing 
igiiile some vapourised, 
and wonderful explosiV 
invented. S(d on four ^ 
a motor-car, with a v(‘lo| 
miles jui hour ; placed oj 
the oiler, which is i: 
ousting from the seasi 
steamsliip ; and, fitted 
earrics man liigli in 1 
th(i swfiftness of fliglit i 
I' wver of liie eagle. | 


TVVKNTYiWAYS OF USING 'I'HJi I,KVF:R 





1 liu Kvi-r is oiu* (>1 tliti (jkkst ;iik 1 siiiipli-st ini-t:liiinii'al (k-vkvs, yei oiil* ot llu* most ini|mrlant. It 
t iUtTs into vvt-ry niacliiiiu and aii^inc, and \vc* rannot talk or walk or t-ai willionl nsini; it. Thi*ru 


imt tlircc onkrs of lovers, as shown here, but every lever must have a ri'»id rod or Ir.iiiie, strai.v»hl, as 
in a (Towbar, or bent, as in pincers, and this must rest at some point on a pivot, (‘ailed ihc! fiileriim. 

lien any wi ij^lit or force workiiyy; at out* point in the rod can always Ik* oven'onie by ton'e ap|)lied 
at another point. In ihe three ordc^rs the {positions of fulcrum, weight, and power are different. On 
inis paj;e .are examok‘S of eacdi form ot le.vaM*. :md some doiiiiie levcrv; mirk :m m is'^otx ;iiul ninecrvi 
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It seems as though the aeroplane will 
prove more than a match for that other 
strange inoflern instrument of \yarfare the 
submarine. A series of exj:)crimcnts were 
conducted at Cherbourg recently, in which 
some flying men fought a sham fight against 
two submarines. It was found that a man 
on an aeroplane could, from a height of 
3,000 feet, see a submarine gliding eighteen 
feet below water, while the sailors in the 
submarine could not sight the aeroplane at a 
greater lieight than 1,500 feet. 

The Coining of the New Oil Engine which 
wfll Revolutionise Life nt Sea 

Now, liowevcr, the men of science in the 
service of the American Navy have, it is 
ie[)ortcd, invented a new weapon to enable 
sailors ajid soldiers to light against the 
terrible ])owers of the aviator. It is said 
that the American Navy possesses a 
gun which makes tlie aeroplane useless 
ill warfare. The gun can be aimed and tired 
instantly, mid it sends out a shell which 
bursts in the sky, showering explosives 
which sjiread out fanlike and destroy every- 
thing witliin a considerable range. 

By that time, no doubt, the oil engine — at 
present one of the most exquisite mechan- 
isms of movement — will in turn be made 
antiquated by something still smaller but 
more powerful. 1 1 is indeed already possible 
to divine what will l;ike its place, for ex- 
])eriments aie now lieing made in the inven- 
tion of a new type of explosive engine. In 
the great iietrolcum engines used on large* 
motor liners the electric spark is no longer 
recpiiied. The air, instead of being mixed 
with the oil in the jirocess of vapourisation, 
is lirst coiiijiressed ; the compre.ssion heals 
it to a V(‘ry high tcmjierature, and the 
crude oil is tlieii sent to the cylinder, where 
the hot ’compressiul air fires it, and the 
e\|ilosion takes pla('(\ By this means 
vessels of 6.500 tons are driven much better 
than they could be with steam. Oil takes 
up much less sjiaee tluin coal, the crew is 
much smaller, there is a great increase in 
the carrying capacity of the boat, and the 
terrible conditions of the depths of an 
ocean liner are for ever abolished. 

Can the Power behind War be put into 
the Industries of Pence? 

livew a petroleum tank, however, occupies 
a great deal of room, ft may be much 
less in size than coal-bunkers, furnace-rooms, 
and boiler-rooms rci|iiiiCf- hi a ste.\m- 
eiigiiie, but it is large coough to be very 
inc(,*nveniont on a motvyi-car or an ^acro- 
plane. What is needed is a far more highly 
com Dressed lorm of fuel tlian petrol ..r 

CO 


alcohol ; and some French engineers ait 
now trying to make a really explosixt 
engine - one worked by the energy liberal.-, 
by a stream of small, ignited particles t, 
dynamite, nitro-gclatine, nitrq-glycerinc. t. 
some other modern explosive substaiav 
The two difficulties in the way arc ili, 
formidable heightening of temperature pro 
duced by a single explosion, and the problcu 
of getting varying and relatively modcratt 
movements out of an abrupt and vioh n 
source of energy, but it is .said that tin st 
obstacles can be overcome. 

How glorious an achievement of the new 
spirit it would be if the chemist and tli( 
engineer, who have armed the nation- 
with the terrible energy of modern explo 
sive weapons, were to transform the powc 
behind the artillery of war into a m-w 
force in the industries of peace ! I'ln 
invention of an actual explosive engine, In 
its concentration of fuel, would revolu 
tioiii.se every mode of travel ; and if a c!um| 
explosive material could also be found tin 
end of the age of coal would he very near 
with the abolition of the most primitive 
form of huinaii labour now^ left to any con 
siderable (extent in the civilised w'orlcl. 

The Astonishing Things that are Done 
in Laboratories To-day 

We have been lliinking mostly of Hk 
physicist and the inventor and the engi 
neer, but it may be said that the moden 
chemist is in many respects the suprenn 
magician of our day. He has reviviid tin 
idea of his ancient ])riulecessor, tin 
alchemist, and sliown by actual ex})eii 
rnent that the strange dream of the trails 
mutation of the elements was a solu*: 
truth. It is to him tluit w'e ow'c tin 
marvellous X-rays and the still inou 
marvellous radium ; and of late he Inu 
given us a new element, neon, from wfliicl 
comes*a light superior to the radiance o 
gas and the glow of electricity, and almosi 
equal to clear, soft, steady daylight. l-l< 
has also discovered for us tlic wondcrlu 
curative rays which are being a})plicd will 
success in the Ireatment of disease. 

It is remarkable, indeed, what po\ve» 
has been recently derived from moden: 
chemistry. In his laboratories to-day inai 
can manufacture substances which he wa- 
once compelled to extract from living tilings. 
He has recently split u]) the atom, has seiii 
into this invisible thing, .and mapped it 
out as a system of intricate forces rnoii' 
marvellous in structure and movement than 
the solar system. At last the chemist liai= 
analysed every clement of the material 
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world into combinations of electrical force. lif(i is now beyond all estimate. Food will 
To him the universe is made up of two always be abundant, and so will the sources 
Ihin^^^-i : centres of electrical force, and a of energy. With so large and firm a foimda- 
subtle, intangible, all-pervading ether, tion, man will surely continue to advance. 
ap])arenlly not subj(5ct to gravitation. V'et there is still one rock on which lie 

Hi'ie we come to the ultimate problem in may founder. When man has conquered 
science. VVMll man ever control the mys- Nature, he will be faced with the harder 
terious force which holds in silent equili- task of conquering himself. Many a nation 
l)riinn the solar system on one hand and the has been vanquished by its own victories ; 
mighty powers in the infinitesimal atom on it has won the means of luxurious life, ami 
the otlua* ? If we could set loose the then, giving itself up to self-indulgence, has 
immense store of electricity contained in lost at last the manliness of character, the 
a small pebble \vc should get an inexhaust- singleness of mind, and the strengtii of 
ible source of pow’or, such as would make soul which it possessed in the days bofon? 
us, perluqis, the virtual masters of the it set out on its conquest. In the last 
universcL It is the last dream of science, analysis, the question of the long future ol 
and who shall say yet that it is in vain ? the human race is a social aiul religious 
The wonderful new' knowledge of to-day is problem. If it can retain, amid all its 
the, growth of only two or three hundred triumphs, the spirit of self-sacrifice, the 
years. The human race is still young. All brotherly love, the humility of mind, and 
calculations of the duration of the sun and the wholcsomeness of lu'art inculcated by 
the lite of tlu^ earth hav'e been comjiletely the greatest religious teachers, then it may 
upset by the finding of radium. The length survive when the sun is a cinder and the 
of time during which the eartli will support earth as we know' it no longer exists. 
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GROUP 9 - INDUSTRY - THE WORKS HOP OF THE W ORLD -CHAPTER I 


LIFE INTHEGREATOIL-FIELDS 

The Univcrsul Power Pent up for Ages and 
y\gcs down in the Depths of the Earth 

IHE mineral Or I'HH MODERN WORl.D 


W E ciin easily piehire wlial tlie world 
was like i)el()n‘ railways. Many of 
IS can quite wt‘11 remember Ibe days ludnre 
lie el(‘clrie lif^ht and tli(‘ leleplione. A world 
A’ilhoiil electricity at all is not very hard to 
maf^ine ; but a world without mineral oil, 
.vithout ])etrol(nnn— try to imaf^ine lliat ! 

I’erhaj^s yon think this is not so (lirii('nlt. 
In that case you have ch'aiiy no conception 
)f th(^ many uses to which petroleum is 
)iil. Only a small ([uantity of the whole 
irodnction is enqdoyed to li.eht. 

Vbolish mineral-oil lamps, and tlu' petro- 
eiini mininf.^ industry would f.i[o on almost 
is vigorously as it does now. 

Petroleum would still be used for making 
^as, for making paralhn-wax candles, for 
naking electric-light carbons. It would 
dill b(! necessary, in the form of lubricating 
)ils, for k(‘i‘ping in order the inachiiuay 
ipon which the inoilern wm'ld de])ends. ft 
A’ould still be the motive j)ower for motor- 
cars, gasoline engines, and flying-mai'hines 
It is petroleum which has made Hying 
Aossiblii. No form of motivt; j)ower but the 
)etrol engine was light enough to be 
carried in the air. Here is its greatest 
ichievement. At the otlii'r end of the scale 
)f utility it suj.)j)lit^s us with ])(‘,rbnne^ and 
cosmetics. In l)etween come a multitude 
)f uses. It gives us as])halt ])aving. j)er- 
inanent ink for printing, dyes of brilliant 
lino. It gives us alumininm, the production 
)f which depends \i])on petroleum. It gives 
iis tcnnis-l)alls. rubber tyres, all kinds of 
rubber articles which, without petixileum, 
could not be manufactured. 

Strange, then, seeing how much use we 
ul make of petroleum and its products 
lu our daily lives, that it is only just 
>ver half a century since this mysterious 
^il began to be extracted in any large 
quantity from the bowels of the earth, 


will'll* it is fonr.ed, in all probabilily, out 
of decaying animal and vegetable remains. 
In JtS^i) the first wi‘ll in the United States 
was drilled hy Colonel Drake. Up to 
that time mineral oil had been collected 
by means mon^ or less casual. Thence- 
forward the mining of pelioleuin became a 
scie.nee. It also In'caine one of the largest 
industries in the world. 

\'ery soon the ri'gions where oil was 
known to exist begiin to Ixj “ prospected.” 
In some places shepherds liad been in tlu*. 
habit of driving Ibeir Hocks to jxiols of oil, 
and lighting llie oil for warmth. In the 
Caiu'asns tliere was a Ikirsiu^ shrine where 
a llaiiK^ had becii alight since* before tJie 
birlli of Jesus. It was a ])lace of j)ilgrimage 
for lire-worshi])])i‘rs. Jn (ialicia and 
konmania old l)ooks told where oil had 
bin*!! taken out of the i*artb for iT‘ntiirios* 
Tne great mineral of the modern world 
had bi'cn taj)j)ed bv men who could not 
have' hael any i'oncej>lion of its iiowe'r. 

d'he ])rincipal oil-lields from wdiicli the 
world eiraws its sn])|>ly of pi'troleinn are in 
till* Unite'd States, Russia, konmania, 
Acsiria-Hnngary, l^asl Indian Islands, anel 
l^urnia. Otlu'r count rie's where deposits are* 
be'ing WT)rki'd are Mexico, Pern, Assam, 
Japan, (Germany, theW'est Inelie‘s, and Persia. 
When the known deposits are exhausteel. 
there will re*niain imineiise areas yet im- 
toiie hed where oil certaiidy exists ; so that 
there is no likelihood of the sup|dy eif 
])edroleuni failing for many centurieis to 
come. The amount at ])rt*sent taken out 
of the earth is nearly a million tons a w'ce^k. 

It was ne)t knowai at first that petroleum 
could he used for lighting. U])oii the 
iliscovery of this followed hard its emjHoy- 
inent in other ways. The ])rac.tical business 
minds of the United States set to w'ork 
to make the most of the addition to the 
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wealth of the country. Scientific men also 
contributed to the development of the 
industry. Several famous chemists devoted 
themselves to the study of petroleum, 
among them Mendclieff, Sir Boverton Red- 
wood, Lissenko, Engler, Bcilstein. They are 
not yet agreed as to its precise origin. 
Mendelieff,' for instance, thinks that it was 
formed by the action of water on molten 
or heated metallic carbides. Engler main- 
tains that it must be due to the liquefaction 
of animal remains : he has actually ex- 
hibited products, exactly similar to those of 
pelroJeutn, which he had made from animal 
fats. Another chemist, named Warren, has 
found tlie substances extracted from petro- 
leum ill a liquid form by distilling 
veget al)le matter. 

Equally valuable, and perhaps of more 
immediate practical use, has been the work 
)f the geologists who have studied the 
formation of oil-fields. This branch of 
knowledge is still far from complete, but 
enough is known to jirove of great assistance 
to prospectors. It is now accepted, for 
exanii)le, that petroleum is always found 
in a s(*ries of “ fields,” which are really 
natural underground tanks or percolations, 
and that these fields always run parallel 
to a mountain range. 

A Discovery that has Made Fresh Openings 
for Men of Brains 

The mouniain ranges are not always to 
be found to-day. They have doubtless in 
many cases disappeared. But even if 
indications of their position can be traced, 
the ])etroleiim mining engineer knows where 
the lU^posits are to be looked for. 

Thus, wliil(! the discovery of petroleum 
as an industrial ])roduct has given the 
|)oor, who l)efore. could scarcely ever afford 
to use artificial light in their homes, a 
cheai) bright illnminaiit, and while it 
has at tile same time ])rovided the world 
with a new motive power, it has also brought 
into being new activities of science, and 
offered fresh openings to men of ability 
and brains. “ There are fcAv branches 
of engineering.” says Mr. A. Beeby 
Thompson in his text-book on the subject 
witli wliich he is so ihoroughly well ac- 
quainted, ‘ that offer brighter prospects 
to an Energetic and enterprising engineer, 
and there is certainly none that presents 
more varied and interesting problems.” 

A vast amount of capital .s -mployed in 
oil-milling, and in leceiit years oil has 
shared with rubber tlie most frenzied at- 
tention of St.ick Exchange speculators. 
This h.is done the industry no good. Money 


for development has been attracted, but 
the floating of doubtful companies h.is 
disgusted many of the sound investor ” 
class, and it is this class alone which lends 
to any enterprise solidity and strength. 
However, at the time when this work is 
issued, the market shows a tendeiKy 
to become steadier ; and no douljt 
petroleum-mining will soon settle down. 

A Vast Busiaess which may yet he only at 
its Beginning 

There is undoubtedly money to be made 
by legitimate investment, for the con- 
sumption of petroleum and its products 
is increasing, and seems likely to continue 
to increase, especially when liquid fuel comes 
more generally in use. There arc many, 
indeed, who think we arc only at tlie 
beginning of the industry even now. 

Here are some figures showing llie 
enormous increase in the production of 
petroleum during the last forty years : 

mclric tons incirii; tons 

1878 . . 2,077,291 t?^98 , . 10,381,060 

188 r .. 6,833,204 190S .. 38.052.000 

During the ’eighties and ’nineties the 
United States and Russia kept fairly level 
in their output. During this century the 
American oil-fields have increased their 
production very largely and left the Russian 
oil-fields far behind. Meanwhile, Roumania 
and Galicia are gradually creeping up. 
thougli their quantities are trilling coni- 
])arc(l with those of the two great oil- 
producing countries. 

Let us pay a visit to an oil-field. We will 
choose the most famous on this side of 
the Atlantic, the oil-field of J^aku, in tli(' 
Caucasus. Erorn London we lake a direct 
ticket, and for the first stage of our journey 
go to Moscow. That is nearly two and a 
half days’ journey, and yet from Moscow wr 
have more than as long to go again. Lea\'(‘ 
Moscow on a Saturday afternoon and you 
get to Baku on Tuesday morning. 

Like a Forest Blackened and Charred 
by Fire 

It is an interesting journey, though, first 
across the flat interminable steppes, tluMi 
into the mountains. The snowy peaks of the 
Caucasus gleam far off in the hot sunshine. 
The people of the Caucasian races crowd 
the railway-stations, in their sheepskin hats 
and long coats. One secs mosques as well 
as churches, for they are mostly Mohan i* 
medans here. And all the time wc are 
passing at frequent intervals long trains 
of oil-rcservoirs making their way north. 

At first sight an oil-field looks like ^ 
forest blackened and charred by fire. 




At first sight an oil-field looks like a forest ^buyck\inydilapuiatt d 

erection called a derrick, something like an let down into tlu* well, 

appearance, though sound enough to support the strain of the huge tools let clown 
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Above every \v(;ll is an cri'ctioii called a 
derrick. \i is soiiiethinLC like, a ^di^antic 
hop-oast ill sliape. These are mostly of a 
black and dilajiidated ap|)earancc. Tliey 
are sound enoiij^h in reality, or tht'V would 
not sup|)ort llii^ strain of the Iiugc tools and 
“ balers ” that are let down into the wells. 
Hut they look very hideous and ruined 
when seen from a distance. 

Nor is this lirst impression of dirt *and 
dreariness wijied 
out on closer in- 
spection. Amon^^ 

11 1 C derricks 
there aiH/ niu<l 
])ools every- 
wluM'e - - slimy, 
viscous, horril)l(‘. 

Massi's of iron 
pi|jinf^ lie about, 

1 leaps of span' 
i in j)l e m e n t s . 

There are no 
roads, only 
tracks, 'fake can* 
that you do not 
step into an oil 
pond or trip over 
a pipe-line. 

W'e sto]) for a 
few minutes at 
the door of a 
denick. Tlx^y 
are hauling uj) 
a drili with 
which they havi' 
been deepenin.c: 
the well. OiK' 
of the workmen 
says something; 
ill 'I'artar, ami 
motions ns' to 
stand back. 'I'oo 
late! Out com(\s 
the drill with a 
sputter of oily 
mud all ovt'r us. 

'J'he first lhin^< 
to do wlu'ii tlu; 
existence of oil 
has been disctivered is to make a hole 
through which it can be. got out. The hole 
is made lirst with instruments called 
“ sjHuls,” and finished with ])owerful drills. 
As the shaft is sunk it is cased in with iron 
tubes, which are let f'-o n tfie top. 

Ai> the work j^roieoih.. .-;inaller Uibe.'i are 
placed inside the first i^ne.-i, and smaller 
tlrills are used, 'flien Hkj s]iace between 
the tubes must be lilled uji. Every ca;^. 
06 



has to be taken to keep the sides of tlu' 
well solid and water-tight. When the oil 
is drawn u|) mi.xod wdtli any considerable 
(Quantity of water, its value is very much 
(liminisiied. Oil and water must be sepa- 
rated. aiifl the cost of production is thereby 
largely increased. 

By a cable from two to two-and-a-half 
inclus in diameter a string of tools is lowered 
into the well. The.-ie tools are screwed 

together with a 
great deal ol 
force, .so that no 
blows iiTthe well 
shall cause them 
to come apart. 
When tools are 
lost in a well 
(hey have to he 
li s li e (I f o r . 
S})ecial “ grabs ” 
and “ s])ears 
have been in- 
vented for this 
purpose, but it 
is often a long 
time before iiiihS- 
ing implements 
can be found. 
Sometiincis an 
impression has to 
be taken of the 
bottom and sides 
of the well to 
discover when* 
they are. 

The drill falls 
at the rate of 
from twenty to 
forty stn.'kes a 
minute, accord- 
ing to the natiiri' 
of the soil. Now 


K\l)l less HANO THAT BUINOS IJl* OIL 

All iMiilIi S'- Ii.iii I is i.,n- .,f ilu; III \v,i^ s III li;-iii<.jiiiuj <iil til tin; Mirf.ii'i 
it is ii.it wii'i Iv usrii. I hr is sriit tluwii iiiiu tin- wrll, wliric it i.s 

oil, w liii ]i ii .;ivrsii!l o'l ic.u liiii*.; tiic Uii>, \\Ik-ic it is siiurr/cil lirtwt 
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pulverised earth. 
The cleaner has on its lowe% end a valve 
that o]X'ns iiiwanls and allows the debris 
to enter.' When it is full, the valve auto- 
matically clo.s(is, anti the ejeaner goes up 
to be emptied. When there is a great deal 
of sand or thick stuff in the .well, a “ sand- 
p imp” is used. This is a cleaner with a 
])iston inside it, drawing up through the 
valve the stuff which is not light and 
loose enough to enter freely. 




1 he hole ihrouKh wliich oil comes up from the earth is cased m with 'J**" ^ f'"t [Je ‘r 

they reach the liotlom ; ind throuRh this iron shaft, which may lie anything 

the oil is brought up in various ways. This picture shows the usual way of bringing up oil, by pumping. 




lesi^ln of an oil-h^ld wuli a spoiiter alight, with derricks burning and brooks of oil carrying hitht i 
d thither sheets or tiame, with vast volumes of black smoke darkening the sky, might well inspire an 
list with the imagination of a Gustave Dor^ to paint a picture of the end of the world. The best 


TKH A SCENE OF THE END OF A WORLD 



way of putting out such a fire is to inject steam into it, and this is often done. Other ways of extin- 
guishing these fires are to drag an enormous weight of steel rods over them, or to run an enormous 
iron cap along the rails, dropping the cap over the fianie as a snuffer is dropped oyer a candle. 
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The well having been sunk to the 
required derj^th, which may be anything 
from 1,000 up to 2.500 feet, the next 
proco(‘ding is lo get the oil out. '1 here arc 
various wa\s of doing this. The most 
usual in the Unitcil Statt*s is iMimpiug. 
Where this is possible, it is the cheapest and 
most efhcituit. The oil, when pumi)ed up 
to the surface, is received in a reservoir or 
carried off by a ])ipe-linc to some central 
storage tank. That is sim])le enough. 

The Men who Bring Up the Huge Baler that 
Dips Down into the Well 

There fire some oil-fields, however, where 
so much sand comes up with the oil that 
pumps cannot raise it. Then valves and 
plungers are soon put out of action. Here 
the oil is got up l)y means of a “baler,** 
a huge tube fifty or sixty feet long. This 
is lowered into the well. It is filled by the 
action of a valve opening inwards, as in the 
cl(‘aner; and then it is hauled up and 
the oil is discliargt*d into a “baling tub*’ 
where the sand is allowed to settle before 
the oil goes into Die tank. There is a 
fascination in watching the huge “ baler ** 
shoot u]) out of the well. Come in and see 
it. 'fhere are only three or four men in 
the derrick. The foreman is an Armenian, 
bright-eyed, intelligent. The rest are 
Tartars, hook-nosed, high-cheek-boned. One 
has his beard tlyed — no, not dyed : it is 
actually ]iainted. (.irey hair is considered 
unlucky among the Tartars, and this is an 
oldish man. The baler *’ is going down 
now. You can just see the wire rope 
spinning away down into the well. Now the 
man at the. engine puts in his reverse. The 
rope slips upward, up, and up, and up, 
coiling itself on a drum liigh above us. Will 
it never be done ? 

The Marvellous Bucket which Brings Up 100,000 
Gallons of Oil in a Day and a Night 

Suddenly — swish! ])Ioop ! the baler 
shoots up out of the deep liole. You step 
back instinctively. It is so large after the 
thill wire. Showers of oil are dro])ping from 
it. The whole iilace is tilled with its 
sputter and splash. Only for a few moments 
it st()])s, just loij^ enough to run out its 
275 gallons ()f oil, thcMi down it goes again. 
Day anil night it works. Something like 

5.000 gallons an hour it lirings up from 

2.000 feet below the surface. Only three 
or four workmen loi^k after it it is 
another marvel of the Me.chnioiy .Age. 

Near by. tliough, is sometluiig even 
more marvellous. Here there is a conuiluous 
flow of oil imo a tank outside a derrick, 
witii nothing to snow how it is being lirought 


up. There is no wire, no ‘one about, no 
visible agency. All that we see are [\ 
couple of pipes, one going down, iin* 
other coming up out of the well. Now, tlu* 
]>ipe that goes down is charged with 
compressed air. This compressed air forci-, 
the oil up the other pipe, and .so into the 
tank. It is quite simple, after all. 

There is a point to notice about that com- 
pressed air before we leave it. It is com- 
pressed by gas-engines, which are fed by 
the gas from the wells. Wherever petro- 
leum is, there is also natural gas. , A great 
deal of it is wasted — most of it, in fact l)ut 
here it is being made use of. It is sucked 
out of the wells into gasometers, thence it 
is fed to motors and also to the boiler- 
houses, which provide the power for tlu' 
well engines. See what clean, clear, roaring 
fires it makes I Some of them arc oil-fires. 
In time oil-fuel may perhaps supersede 
coal altogether. No more filthy stoking 
in a scarcely endurable atmosphere 1 No 
more gangs of lialf-naked shovellers, dripping 
and gasping in the stoke-holds ! Only ;i 
mechanic or two, clean and cool, turning a 
tap every now and then to regulate Du; 
spray of oil which feeds the blaze. 

The Escape of the Gas Peat op for Huadreds 
of Thousands of Years 

AnoDier method of raising the oil from 
the wells is the air-lift process. This is 
quite distinct from the compressed air plan 
It does not force the oil up, but, by aerating 
it, causes it to flow gently in a constant 
stream to the surface. A fifth system has 
in the last few years been invented by an 
Austrian engineer. This sends down intn 
the well a specially-made endless band, 
which aerates the oil. When it comes to 
the surface it is squeezed between rollers, 
the oil drops off into a conduit, and the band 
pursues its W'ay downwards to be passed 
through the oil again. 

All these methods are for use when the 
flow of oil has been got well under control. 
It often happens that at first the oil shoots 
out of the earth with tremendous force of 
its own accord ; or, rather, it is forced out 
by the gas wdiich has been pent up with it 
for hundreds of thousands of years, perhaps. 
In these cases, as soon as the drill pierces 
the oil deposit, there is an upward rush, 
and, unless* precautions have been takin 
to control it, enormous quantities of oil 
arc wasted. These rushes of oil are called 
“ spouters ** or “ gushers.** They rise to a 
great height, and, if one is watching thejn. 
it is necessary also to watch the wind, and 
to keep carefully to windward of the oil. 
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Sometimes a gusher continues a long time. 
One at Baku lasted eighteen months. 
This was not a violent flow expelled by gas, 
lio\vev(M*. It was steady, and the cause of 
il was the dissolution in the petroleum of 
gaseous hydio-carbons. These reduced the 
w'(‘ight of the column of liquid — having the 
same efh^ct, in fact, as the aeration — and 
accounted for the discharge. At Grosny, in 
the Caucasus, an unfortunate Jtnglishman 
struck a siiouter, and thought he had 
made his fortune. But he could not control 
it. The oil ran away dow’n-hill. It killed 
sheep and s])oilt pasturage, and farmers 
began i)utting in claims for compensation. 
The ow'iier of the spoutcr would have 
paid handsomely for the flow of oil to be 
stojiped, but nothing could stop it, and lie 
was ruined. 

The usual method of controlling a power- 
ful ilischarge of oil is to have a “ casing 
head ’ at the top of the well, fitted with 
strong valves, through which the oil can be 
led away into a reservoir. But it often 
happens that the discharge is too violent to 
be tamed in this way, es])ecially when there 
is much sand with the oil. Even a pressure 


of 500 lb. to a square inch has failed to 
keep a gusher down. Cast iron or ste( 1 
valves have been cut to pieces. Casings 
have been burst asunder by the tremendous 
force of the oil. In many Caucasian 
oil-fields it is usual to fix a heavy steel 
or cast iron shield about eighteen 01 
tw'enty feet above the mouth of the well 
to prevent the column of oil from beiiii^ 
blown about, and so lost. Even thcM’ 
shields have been utterly destroyed, how- 
ever, by the stones and sand shot up witli 
the petroleum. 

A great danger wdien a spoutcr has bi^en 
struck is the possibility of its catching tire. 
The sight of an oil-field with a spout ( i 
alight, with other derricks burning and 
brooks of oil carrying hither and tliitliei 
sheets of flame, with vast volumes of bku k 
smoke darkening the sky, might well in- 
spire an artist with the imagination of :i 
Wiertz or a Gustave Dore to paint a pictun 
of the’ end of the world. The best way (»l 
putting such a lire out is to inject steam 
into it. A number of pipes are each 
coupled to a high-pressure l)oiler, and al 
a given moment they are all turned on t( 



THE OIL-TRAIN, SHOWING THE PIPES FROM WHICH THE TANKS ARE FILLED 

The re|.ro(Uii;tu>ii of boiiie of llu iu tlic-.c is, by toui y of . the Ain;lo.AiiicriLaii Oil Company and tlic Oil Well Supply (:onii)any 
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the oil 6n its way Roy ndthe woklu 



DONKEY CARAVANS CARRYING OIL FROM THE SEAPORTS TO THE TOWNS OF NORTH AFRICA 

cf think of a >^orld without oil, almost the only mineral product which liiuls its way to every 

ner of the earth. These pictures show some of the ways in which the oil reaches its destination. 
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tlie flame. Tlie steam prevents air from 
gcttiiif{ to it, :iiul without air it dies. 

Now we liave seen how the oil is extracted 
from the bowels of the earth. But, as it 
comes up, it is lit for very few uses. Almost 
all of it has to go through the process of 
being refined before it is good for anything 
at all. According as it is refined, it be- 
comes lamp oil, lubricating oil, or liquid 
fuel. It goes into the refinery a thick, 
brown, sludgy substance, oozing along, and 
smelling strongly of gas. It may come out 
jx'rfectly white and almost odourless. That 
is the most highly refined product. From 
that downwards we have a scale of oils 
until we come lo the residue, which is the 
thick stuff used for liipiid fuel. 

The Oil that Lights Up the Home and 
Darkens the Face of the Earth 

All oil-iickl is not a pleasant jilace, as wo 
have seen. It is cxceeclinpfly interesting 
to visit, hut one would not choose to spend 
a holiday tlK‘n\ Still less, however, would 
one care to ])ass any more time than one 
can help in an oil-refinery. At Haku they 
call the quarter whore the big refineries 
are Black Town. It would h(^ impossible 
to find a better name. Everything is black 
— roads, walls, chimneys. Columns of 
smoke do their best to blacken even llic 
sky. As we go into New York Harbour 
we see far away over to our leH, on a spit 
of land, the chimneys of the Standard Oil 
Refineries, making a dirty patch upon the 
blue hori;5on. There seems to be .some- 
thing in the nature of the industry which 
causes it to form blots u])on the fair surface 
of the world, wherever it is carried on. 

When on a winter evening the cheerful 
lamps are lit, diffusing their clean, bright 
glow, and bringing light into dark corners, 
we must often think, if we have seen the 
j)laces where the oil for the lamps is ob- 
tained and prepared, of the contrast between 
those places and the effect produced by 
their Jinished product. It is tlie same 
contrast as that between the stuff a gardener 
puts (lown to fertilise his plants and the 
ex(juisite flowers which spring from it. 

The Oil Leaves the Refinery and is Ready 
for the Market 

All Ihe same, notwithstanding its de- 
pressing ugliness and tilth, an oil-refmery 
is full of interest for the inquiring mind. 
Look at that row' of iil-lls for instani’e. 
Notliing much of an appe.iraiice, certainly; 
but in those stills the pii’icess of n'tijring 
the oil is at weak. This is the w'ay of it. 
First the oil is super-healed, then it passe- 
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through an instrumeftt called a " dclleg- 
mator.” Its various components are sep.i- 
rated. It is turned into vapour, then ii 
is condensed back again into liquid. Tlir 
stills vary in heat. At first only oils «.i 
low density are formed. As the ternpeni 
lure rises, denser distillates arc expcllnl 
and condensed. vSo from one process (piitc 
a number of different oils are produced. 

In a shed close by there are many tajis 
and tanks. Here the different oils How. 
Now one can see the variations of colour 
and smell ; but the oils are not yet reach’ 
for use. They liav'e to be treated still 
further, first with sulpbiiric acid, and nexi 
with caustic soda. The sulpluiric acid 
absorbs the constituents of the oil wliicdi 
contaminate it, but at I lie same time Icnivc s 
a good deal of acidity in it. The causlic 
soda removes that acidity, and fmiber ch^aim 
the oil. Then it passes into a settling tank, 
after which it is ready for market. 

As a rule, how'cver, the market is a vvv\ 
long way off, and dithcnlt to gc^t at. Oil is 
an awkward commodity to baiulle, and ii 
must be handled in large cpiantilies. It 
W'as ihe cost and the inconvenience ol 
sending it in barnds over bad roads on 
W'aggons which made American oil-mineis 
think of passing it through pipes. 

The Distribution of the Oil to All Parts 
of the World 

The first pipe-line w'as made in 1865, and 
ten years more passed before a trunk line 
was laid down, in Pennsylvania. 

Now' pipe-lines are common. There is oiu‘ 
500 miles in length, from Baku to Baloiini. 
Another has lieen made from Maikop lo 
Ekalerinodar, and there is one in course 
of construction from Maikoj) lo Toiiapse. 
the new port on the Black Sea, which is 
being developed solely for the traffic in oil. 
In Burma it has even been found cheaper 
to lay a pij)e-line tlian lo transport oil in 
barges dow'ii the Irrawaddy River. 

(H course, these ]npe-lines need to he 
laid with great skill and care. There must 
l>e no weak places whore leakages nia\ 
occur. The pumping stations must l)e 
well equipped and kept in good order. ll 
used to he necessary, too, to guard lines 
against the attacks of carters who had lost 
the carrying of the oil. It was difficult iu»i 
to feel some sympathy w'itli them, as willi 
all workers w'ho suffer through ingenious 
machinery doing their w'ork ; but against 
the hardship to a few must be set off llu‘ 
benefit to the many wdio could buy theii 
oil at a smaller price as the result el 
cheap and quick conveyance. 




Another change of ('(iiial importance was 
made when the practice of shipping 
petroleum in barrels was given u|). This 
was both clumsy and expensive. It occu- 
j)ied a great deal of labour, and the barrels 
often cost more than the oil the\^ contained. 
Some otlier means of transit had therefore 
to be d(‘vised. and tlie invention whicli 
superseded barrelling was the tank 
steamer. The first was used on the Caspian 
S(‘a to carry the oil from tlu* Baku fields 
oxer to tlie mouth of the*. V'olga. Soon 
ocean steamers were built which coukl 
he tilled direct from ])ipes, and now tank- 
shijis are to be met ^vith tin all seas. 
Th(jy run up to six and seven thousand 
tons burden, and can steam as fast as 
eleven knots. 

All over the world they carry ])ctroleum 
and its many ])r()(lucts. We know it 
imder many names. Kerosene, paraffin, 
benzine, [letrol, are among the most 
lamiliar. It is used to pour on stagnant 
\vat(n' in malarial districts, so that the 
moscpiitoes which carry the disease may be 
wijied out. It is put down on roads to 


prevent dust. It is thrown on to stormy 
seas so that the waves may bci calmed and 
vessels saved from destruction. •In millions 
of homes it provides the only artificial light, 
a clieaj>er and brighter light than was 
ever available before. It is banishing 
the horse from city streets -a merciful 
release for the |)oor animals— since with- 
out it motors could never have developed 
to their present stage;. It has made it 
possible for men to leave the ground and 
travel in the air. 

The Kgyptians used petroleum ages 
before the Roman Empire. The Aztecs of 
Mexico and tlu; Incas of Peru were 
familiar with it. TIu; Red Indians and the 
]k;rsians us(‘d it for its healing virtut's 
l)ef()re they ever dreamed that wliite men 
lived upon the earth. Jn C'hina and Ja])an 
mineral oil deposits have been worked 
crudely from lime immemorial. Ihit it has 
been left to this age in which we live to 
discover tlie numberless uses and jiropi'rtiis 
of this gift of Nature, which has been 
made to add so largely to the comfort 
and convenience of the life of the world. 



ALL THE WORLD BUYS ANlD SELLS 



All iiHlions inet‘1 at Mu* London Docks. v amit* into tlie world’s market-place, where Penjia 

selling rugs, and liviia is selling jute, and Germany is selling dyes, and China is selling beautiful carvinj; ’- 




r,ROU P 10- CON<MERCE-THE MA RKET-P LACE OF THE W ORLD-CHAPTER ! 


THE CREATOR OF WEALTH 

The Vast Business between Nations upon 
which the Prosperity of our Islands Depends 


HOW THE WORLD 

the interchange of com- 
inodities, is the handmaid of civilisa- 
1 ion. The science of commerce is tlie science 
of the distribution of the world’s products 
among tiie world’s peoples. Upon the 
etfecliveiiess of the interchange the wealth 
of the world largely depends. 

Wealth may be defined as matter in the 
right jilacc, as dirt has been defined as 
matter in the wrong place; and it is the 
supreme function of commerce to create 
\v(‘alth by moving couiinodities from the 
places where they can be easily jiroduced, 
i)iit where olten tlicy are useless or of 
limited use, to places where they cannot be 
so easily produced, but where they are 
needl'd. The ])r()gress of mankind — the 
progress of civilisation —may be measur<*d 
1)V the jirogrcss of coniiiK'rce. The sixteen 
hundred million people of the world possess 
most of the wealth they enjoy by virtue of 
commerce, and in so far as tlieir condition 
is still poor and unsatisfactory it is because 
of the imperfections of commerce as it is. 

Hut can commerce, or the mere inter- 
change of commodities as between i)eople 
in the same country, or as between ]K'oj)le 
in different countries, actually create or 
increase wealth ? It is im])orlant that w(‘ 
should not beg this (Question, Init that, by 
training a clear answer to it, wc should gain 
a proper conception of the true importance 
of commerce as a science, and of the im- 
portance of purging commerce of every- 
thing that is unworthy or inefficient, in order 
that man may reap, from the little revolv- 
>tig globe upon which he is confined, the 
greatest possible material abundance. 

In the first place, man gains wealth by 
commerce because the world’s natural 
iuoducts or advantages are not found in 
every part of the world, and therefore man 
can only gain for his use all natural products 
and advantages by exchanging commodities. 


GOES TO MARKET 

It is iin])ortant to observe that this is 
true of each nation separately and of the 
world as a whole. Within the small con- 
fines of the United Kingdom, for example, 
there is the widest variation of natural 
])ro(hicts and advantages. The greatest 
I^ritish industrial asset is coal, but our coal 
is chiefly confined to the northern parts of 
England, to the south of Scotland, ami to 
Wales. If, therefore, the British ])eople 
lived ill village communities without the 
exchange of commodities between those 
communities, dire poverty would lx; flic lot 
of those ilwt;lling on the greater part of 
British soil. Commerce dislribules coal 
and Hk; products proiluci'd l)y coal-power 
all over the country, and actually creati'S 
wealth where otlu'rwise wealth would be 
almost entirely wanting. 

But how much more the creative and 
fructifying virtue of commera* becomes 
a|)jxirent when wo consider the relation of a 
man living in the United Kingdom to the 
wealth of the world outside tliese islaiuls! 
'J'he British Isles an; wholly lacking 
in some of the metals, in many valuable 
woods, in a variety of film's, in various 
miscellaneous materials sucli as rubber or 
ivory, and in many valuable ceri'als, 
vegetable products, and fruits. Without 
these things the l^ritish citizen would be 
condemned to the conditions of an exceed- 
ingly primitive civilisation, and, it may be 
added, without them the number of people 
living ill these islands would be very small. 

Cf)mmerce makes us citizens of the worhl, 
users of all the world, partakers in every 
harvest, workers in every field of industry. 
Not merely material things arc thus called 
into existence by commerce, but lives are 
conjured into existence by its fruit lul 
streams. Here commerce joins bauds with 
biology. The point is so important tliat we 
must give it further consideration. 


the money system. political EcoNo^^. distribution and exchange 



HARMSWORTH POPULAR SCIENCE 


Why is it that man, alone among living 
things, is ever multiplying his kind ? When 
we examine the animal world we find that 
in ordinary course a pair succeeds a pair, 
and that, while there is a large number of 
births of (‘ach creature in each region, the 
number of birds or animals or insects or 
reptiles in each region remains almost con- 
stant. Let us consider the case of the fox. 
This animal has four or five at a birth, and it 
is fruitful for several years. If we imagine a 
j)air of foxes to have merely six young, how- 
ever, and no more, and that these are clivided 
equally in point of s(‘.x, and that the three 
])airs of young ones each ])roduce six young 
in the following season, the two foxes have, 
after the lapse of a year, become multiplied 
into twenty-six foxes. In ten years at this 
rate their number would be exj)resscd in 
six figures. Why, then, does the world not 
run with foxes ? The explanation is that 
the Law of Nature is a Law of Death. The 
births arc prodigious ; the survivals are few. 
JCjich region, the woodland, the field, the 
river, forms an almost self-contained group 
of lives, in which there is a balance of forces 
between various creatures preying u[)on each 
other. Food is limited ; however many are 
born. Old}* as many can survive as find food. 

How Man's Defiance of Nature has Changed 
the Conditions of the World 

Hut man rises su])erior to the order of 
the nature from which he has emerged. As 
Professor Ray Lankester has said, Man is 
Nature’s rebel. Where Nature says “ Die ! ” 
Man says “ I will live.” We refuse to 
submit ourselves to what would app(iar 
ine.xorable lav/. We till the earth and make 
a thousand blades of grass grow where 
one grew before. We produce and add a 
thousandfold to the value of our production 
by interchange with regions we have never 
seen. Where the fox or the tiger perishes 
for lack of sustenance, the young of man- 
kind arc sustained by suj)plies artificially 
created and gained largely by commerce. 

The defiance of Nature which man 
exercises on his own behalf is exercised not 
only in rogartl to his own kind, but in regard 
to such plants and animals as he desires 
for his own purj)oses to multi|)ly. And, it 
may be added, in that process of defiant 
multiplication man multiplies not only 
what he desires, but what he does not 
desire. It is difficult for the laimer to 
■realise that he himself, l.\ lii-; Vindiy pro- 
vision of a harvest, has actually created tlie 
sparrows which he detest.., and it is even 
more difficult for man to realise that he him- 
self breeds the organic diseases of his towns. 
io8 


We sec, then, how tru^; it is that commerce 
is not merely a creator of material wealth, 
but a veritable creator of population. It is 
probable that the British Isles, if they had 
nevet engaged in commerce witli other parts 
of the world, would at the present timt 
contain less than ten million |)cople, whiK 
the population of the world as a whole would 
be far short of its present 1600 millions. 

Life for Millions where Nature Grudged Food 
for Thousands 

Commerce, by bringing to our shores 
exotic materials, enables great industrial 
populations to live* and multiply, and 
enables us to lake full advantage of gifts 
which otherwise would lie dormant. Tin* 
humidity, or e.xcelleiit weaving weather, ot 
the north-west of Kngland is utilised hy 
bringing raw cotton from across the Atlantic 
to be dealt with by hundreds of thousands 
in Lancashire who directly or indirectly 
ju'oduce the livelihood of millions of pco])le. 
From every clime we draw commodities 
which engage the activities of our ])()pulatioii 
and make use of our natural gift of coal. 
So it is that millions live where Nature 
gnulged sustenance to thousands. So it is 
that millions in effect use the whole world 
in the islands wliere, not long since in Hie 
life of the world, a few j)ainted savages, whost* 
only ac(iuaintance with foreign trade was 
an occasional visit from the Phoenicians, 
wrung a hard living from an unwilling earth. 

Man gains wealth by commerce, in tin; 
’second place, because the artificial produc- 
tions of mankind are exceedingly various in 
nature and quality, varying with tin? widely 
differing gifts of the races of mankind. 

The Key to the best use of the World which 
Makes Men and Nations Complete 

Upon the superstructure, of natural jn'o- 
ductions the races ot man have reared 
thousands of arts, and the prime neccssit}' 
of commerce, which is sufficiently apparent 
in relation to natural productions, becomes 
intensified by the remarkable individual 
and sometimes subtle (pialities which lli<' 
different races contrive to impart to their arts 
and manufactures. It is only partly true 
that ” all can grow the llowers now, for all 
have got the seed.” Not only as betwei n 
different nations, but within tlie borders ol 
the same country, wc find the most cxtia- 
ordinary variation of adaptability to the 
arts, and not- merely iiuMpiality of pro- 
duction, but indefmable though very real 
disliiictious f»f form, or texture, or flavoui. 
or fitness h)r a certain end, whicli make Hkm i 
desirable. A high form of civilisation can 
only be maintained ])y the power of acccs- 
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to all the productions of all nations, and of 
all the groups within those nations, and 
roininercc alone can give us that best use 
uf the world which makes the complete 
nation and the complete man. 

VVe do not know when it was that there 
emerged from the animal world a creature 
with a relatively capacious skull, a creature 
erect, skilful, and intelligent, which was 
destined to develop language, arts, and 
sciences, and to aspire to control the 
forces (»f Nature which had evolved him. 

The First Trading Man and the Beginning of 
Exchange 

We know that a hundred or even two 
hundred centuries ago he had begun to use 
iinj)lemcnts. We do not know when he 
lirst notched a stick to make a calendar, or 
when he first exchanged the labour of his 
hands for the labour of others, but we do 
know that the first written records of man 
discover him, in the great river civilisations 
of the Tigris, the Euphrates, and the Nile, 
as a man of commerce. Fifty or sixty 
ciMituries ago commerce existed in Assyria, in 
Babylonia, and in Egypt — commerce limited 
in scoi)e by the ])Oor means of trans])ort, but 
commerce, nevertheless, of no small ortl<*r. 

Our earliest picture of trading man is of a 
generally self-contained and self-sullicing 
tribe or clan of savages Ix'ginning as a groiij) 
to exchange presents with another such 
gn*ouj'), exchanging skins for weapons, or 
implements for ornaments. Many centuries 
nmst have elapsc’d aftcu* man’s lirst apj)ear- 
ance on the earth before ho was so far rid 
of animal fear and distrust, and so far 
])ossessed of intelligence and sociability, as 
to bo able to make rude exchanges of goods 
for goods. The incon\ cniences of crude 
barter are obvious, but the early ])rogress 
ol mankind was slow, and again a long 
inli'ival probably elapsed before trilx'S 
realised the iinjKU'tance of facilitating barter 
by measuring the values ol all commodities 
by reference to some particular commodity. 

The Long Step between a Beast and a Five- 
Pound Note 

The beginning of money was the concej)- 
tion of a common standard of value, and the 
products of the primary industry of agri- 
culture naturally furnished the first stan- 
dards. As we find recorded in the Old 
iestament, the wealth of a man came to be 
i(‘ckoncd by the number of his beasts. It is 
ditficult to conceive a clumsier currency 
than cattle, but undoubtedly cattle in many 
laiids came to be not merely a standard of 
value but actual money. 


It is a long step from using cattle as money 
to paying for a commodity with a che<iue or 
a /'5 Bank of England note, and ('arlyle 
was in too inncli of a burry to bridge the 
ga}) when, in “ Sartor Kesartus,” he made 
Herr Teufejsdrockh declaim ; “ A simj)le 
invention it was in the old world Grazier — 
sick of lugging his slow Ox about the country 
till he got it bartered for corn and oil — to 
take a piece of leather and thereon scratch 
or stamp the mere figure of an Ox (or pecita ) ; 
put it in his pocket, and call it pecunia — 
money. Yet hereby did Barter grow Sale, 
and Leather Money is now Goldep and Paper, 
and all miracles have l)een out-miracled, 
for ther(‘ are Rothschilds and English 
National Debts ; and whoso has sixj^ence is 
sovereign (to the length of sixpence) over 
all men, commands cooks to feed him, 
j)hilosophers to teach him, Kings to mount 
guard over him — to the length of sixpence.” 

No; the beginning of token money was not 
so simple as that. It was long indeed before 
trust or creclit enabled a man of reputation 
to write value on a bit of })aper in terms of 
a standai’d currency, and to get that hit of 
paper accepted as being as good as cattle or 
gold. Nevertheless, the essential stej) was 
taken when Barter became Buying and 
Selling by the recognition of a Standard of 
Value, and by the use of that standard of 
value as an Instrument of E.xchange. 

Will the Day come when there will be no 
Money in the World ? 

When the early pastoralists, rich in iiocks 
and herds, bought raimiait iii terms of 
cattle, man hail advanced far indeed from 
that fierce, ilistriistful creature his original 
ancestor. The use of cattle as money 
appears in the early records of many nations, 
and even now remains on the. earth. But 
while grain, animals, ornaments, slaves, have 
done duty as currency, the peculiar ipiality of 
the metals made it inevitable that iron and 
co])])er, and ultimately gold and silver, 
should su|)plaiit all other forms of money 
among advanced peoples. Finally, gold — 
because of its suiierior stability of value - 
has dethroned silver in nearly all countries, 
and established itself as the supreme stan- 
dard of value and medium of exchange. 

Wlien we come to examine money in 
detail, we shall see that there is great hoi)e 
that some day civilisation will be able to 
disj)cnse altogether with a material cni- 
rency, and to establish a theoretic money 
expressed in bits of paper, and based possibly 
u])on units of work. In the meantime gold 
is the basis of credit ; and while different 
forms of pa])cr instruments are used as 

log 



HARMSWORTH POPULAR SCIENCE 


mediums *of exchange, they arc all based 
u])on the fact that they are exchangeable 
into gohl. \Ve have arrived, in fact, at a 
transition stage, in wliicli we l)ase ourselves 
on a gold standard, and, having done so, 
pass between us, as instruineritsyf exchange, 
pieces of paper standing for enormous 
amounts of. gold which do not exist in the 
world, pieces of ])aper which, if an effort 
were made to translate them into gold, would 
fail to be honoured. In practice we know 
that a cluMpie on a bank of re])utation is an 
instrument creditable because represented in 
fact, not by^gold, but by commodities. 

A Demand for Gold which would Stop every 
Bank in the Kingdom 

('onfidence in the instrumeni, faith in the 
bit of paj)er. rests upon exj)erience and 
general good faith, and it is assisted by the 
knowledges that it is only occasionally that 
actual gold is either wanted or demanded, 
and that at tht‘se times it is forthcoming. 

Theoretically, the j)()sition which actually 
exists would appear im])ossible. Nothing 
but practical experience could have brought 
it into existence. We nuiasurc values by a 
gold standard, we make a very limited 
number of gold coins, and we tlien express 
a considerable part of the ])roperty in the 
country as gold values written on ])aper, 
and we honour these. We build up a strong 
yet delicate fabric of credit which, in 
ordinary times serves us well. It rests upon 
conlidence, however, and a simultaneous de- 
mand for gold by all those holding credit 
instruments ])ayable in gold would bring the 
entire machinery to a standstill. If a not 
very large propojtion of the peojde with 
bank accounts were to present cheques 
at fiu'ir banks to-morrow for the amount 
of thc'ir deposits, every bank in the kingdom 
would stop |)ayment. 'I'liat would not mean 
that value in commodities did not exist in 
the country to meet every cheque ; it would 
simply mean that much ]M'(q)erty is cx- 
])resse(l in gold, and is current as gold, which 
does not actually (^xist as gold. 

The Foundation of Che Machinery of the 
World's Trade 

In tlieory, transactions between the 
trading individuals of different nations are 
also settled in gold. In practice gold is 
only remijiled from one nation to another in 
payment for goods when it is found im- 
possible to set off the (exchanges ui com- 
modities between the i...!!c*n:'. concerned 
against each other tlirongli tiie maciiiner\ of 
bills of exchange which ar«i in csscmco sym- 
bols of commodities. A bill of exchange is 
merely an order in writing from one person, 


whom we will call A, \o another person, 
whom wc will call B, requiring B to pay a 
certain sum, either on demand or at sonu 
future date, to A, or to some third party. 
A is said to “ draw ” the bill upon H. If 1; 
acknowledges the indebtedness, and agree- 
to make the payment on the date proscribed 
by the drawer, he signs his name across tlu 
bill, or, as it is termed, accepts ” the bill. 
The bill, thus accepted by a person of reputa 
t ion, is a negotiable instrument, and can be 
used as money *as freely and easily as thougli 
it were a piece of gold. It is a symbol ol 
the transfer of goods from A to K, ayd is 
equivalent to an acknowledgment by B that 
he is prepared, on a certain day, to inodiuc 
gold in settlement for the goods. 

This simple bit of paper, this symbol ol 
transfer, this instrument of exchange, 
wonderfully effective and useful in practice, 
and it is the foundation of the machinery 
of foreign trade. Bills are drawn against 
the shipment of commodities ; and tlic bit 
of pa])er, by which the cxi)orter of one 
country makes requisition to pay upon the 
importer in another country, l)ecomcs a 
piece of negotiable money — a token of, nr 
symbol for, the goods to which it relates. 

A Piece of Paper with the Value of Gold 
Wherever it goes 

By ])assing these slips of paper betwiMMi 
nations, the cross-shipment of gold, or gold 
payments, is almost entirely avoi( U'd. 
Debts are set off against debts, anil the 
•bartering of goods, which is always tin' 
essence of commerce, and is only disguisi'd 
by reference. to units of gold value, is simj)l\ 
and surely accomjdished. The iron ol 
Britain is changed for the wine or the silk ol 
France, or, by a process only a little more 
elaborate, the iron of Britain may he 
shij)pcd to Brazil and exchanged, in effect, 
not for a Briiifjliaji commodity, but loi 
cotton imported from the United States. 

Distribution rests upon means of trans- 
port and locomotion, and commerce, there- 
fore, has ever been circumscribed by llie 
limitations of other sciences. Commeic( 
is the debtor of the engineer and the 
scientist, but the stimulation of comir.erci* 
has ever been a .spur to the sciences con- 
nected with trans])ort. In ancient days it 
was the economic stimulus which impelled 
Nebuchadnezzar to the construction ol m 
mighty ship canal from Babylon to the 
mouth of the Kuphrates on. tne Persian 
Gulf. Ill modern times it was the economie 
stimulus which called the steam-engine into 
being. The necessity of pumjiing water out 
ot British coal-mines mothered first the 
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crude steam-engine *of Newcomen, and led 
h) the inventions and discoveries of Watt, 
Stephenson, and Brunei, who, by increasing 
transport facilities a tliousaini-foid, made 
modern commerce possible. The possi- 
bility of large scale and rapid transport has, 
in the last half-century, brought the ends 
(,f the world together, caused an unpre- 
rodented production and consumption of 
wealth, and quickly created a new order of 
('('onoinic pro oleins of which the solution 
is still ill doubt. 

The Four Conditions upon which the Trade 
of Nations Rests 

The main conditions of commerce now 
ti])pear. They are four. 

r. The combination of trust and confidence 
which wc call Credit. 

This factor was slow of growth. Tn the 
liistoryof man the establishment of banking 
l)y the Italians is as yesterday, but the space 
from the beginning of man to the establish- 
ment of the Exchange on the Rialto is a 
matter of ages. To-day trust is so far the 
rule tliat perhaps there was never a time 
when a man without scruple could more 
easily find victims. We arc so accustomed to 
credit thatits failure hereand there is but the 
exce])tion which jiroves the rule of honour. 

2. Peace and Security for the Inuler. 

There is now no reasonable doubt that 

mankind has won through the worst of 
War. Such monstrous calamities as the 
utter (Icslructioii of ancient Tyre, such 
c()m|)arativcly modi^rii horrors as the laying 
waste of Germany by the Thirty Years War, 
have passed for ever. The wars of the 
nineteenth century, 4?rcat as was their waste, 
weie comparatively harmless to commerce, 
and in the twentieth century wars are likely 
to be fewer and briefer. Over the greater 
part of the earth peace and security prevail. 

Tupping the Natural Resources of the World 
at a Prodigious Rate 

3. Easy and cheap systems of Transpoit 
and Communication. 

The marvellous work of the engineer has 
h(*en a magnificent contribution to the means 
of commerce. The Roman built roads for 
all time, but the modern engineer has given 
roads a new meaning, and solved problems 
vvhich might have saved the Roman Empire, 
i he canalised river, the artificial waterway, 
the railway, and the steamship have, in 
the last eighty years, made it possible to 
iise the world cornmcrci^illy as it was never 
used before. New wonders of the world 
have appeared in the Suez Canal, in the 
Riant steamship, in the electric telegraph, 
in the wonderful feat of engineering now 


approaching completion at Panama. As 
a result, the natural resources of the world 
are being tapped at a prodigious rale, and 
it is already becoming ajiparent that a 
greater unity of tlie sciences is needed if man 
is to increase the interchange of the supplies 
upon which his civilisation depends. 

4. An effective Machinery of Exchange. 

We have seen how man has passed from 
crude barter to a marketing conducted 
by credit instruments. Existing processes 
have been so far perfected that almost every 
known commodity is easily procurable in the 
worlcTs great centres of p()])ulation. It is 
neverthelt'ss true that the science of com- 
merce, regarded ])r()perly as the Sciiuice of 
Distribution, is far less advanced than the 
Science of Ihoduction. In the twentieth 
century of our era we find T a much simplei 
matter to produce clotD, or furniture, 01 
apjiarel than to secure by commerce a full 
supply of these things for all those who 
di'sirc them. Here the jnoblems of com- 
merce join hands with those of Sociology. 

A Function of Commerce which looks to 
Statesmen for Guidance 

We may be well assured that in relation 
to all these essentials of commerce man is 
destined to make enormous progress. An 
increasing standard of life in all countries 
will breed an i?ver-growing confidence of 
man in his fellow men. International re- 
lations will improve through the better 
knowledge which casts out fear and sus- 
jiieion, and through the increased inter- 
dependence of trading communities. The 
engineer and the scientist will continue the 
taskof perfecting the links of communication 
and the ])()wers of production, so that an 
ever-increasing volume of commodities will 
pour along the trade routes of lh(‘ w’orld. 

Finally, the coihbincd efforts of the mer- 
chant, the economist, and the statesman 
will enable the world to cf)ine to inai ktT in a 
sense transcending the commerce of to-day. 
Commerce, which already has high functions, 
will come to be universally recognised as a 
matter of the first importance, ‘demanding 
the ap])lication of the highest faculties of 
the most gifted men. The ancient and 
ignorant contemjit of the gentleman for the 
votaries of trade has already, in great 
measure, disappeared. The organisation of 
the production and distribution of wealth, 
perhaps in forms and by methods of which 
we have yet small conception, will come 
to be properly regarded as one of the chief 
functions of civilisation — a function which 
will look to every science for aid and to 
every statesman for guidance. . 



THE COMMON SPIRIT OF SOCIETY 



The cl. iff tnunipl) ol man is Soci(‘ty, upon wliicn the maintenance of civilisation depends. In thi^ 
picture a r rench paiiiier lias aptly n-presented the fellowship and mutual aid upon which Society rests. 
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HOW MAN GOES ON FOR EVER 

The Wonderful Thing of Man’s Making 
which Lives on when its Maker dies 


THE HUMAN RhBliLLlON AGAINST NATURE 


'“r'liivKE has been a great deal of foolish talk 
i about the future Supennau. Nietzsche, 
a bi illiailt (German writer, began it. Seeing 
tlial , according to modern science, the human 
race has gradually developed out of a low 
animal stock, Nietzsche assumed that man- 
kind would at last disa])pcar and make way 
for a still more superior type of being. It 
was supi)osed that the superman would be 
t?volve(l by savagely intensifying the natural 
struggle for existence. Nietzsche has been 
aptly turned the enfant terrible of Darwinism. 
His was, however, a loose and blind way of 
thinking. He left completely out of sight 
the most momentous event in the history of 
the world. Man has not waited for the 
slow production, by any process of natural 
sc:lection, of a super-humanity. He has 
created it. It is a strange, vast, and mighty 
thing, and it is called Society. 

The fact is that man has now escaped from 
the ordinary pressure of natural conditions. 
He has grown to a tremendous height by 
transcending in a wonderful way the Opera- 
tion of certain laws of life. The last stage 
ill the evolution of his physical powers is 
rejiresented by those mechanical inventions 
which have enabled him to control external 
nature. The last stage in the development 
of his psychical powers is found in the moral 
and intellectual fabric of society by means 
of which he has been able to control human 
nature. In both instances man has over- 
turned the ordinary process of growth and 
decay. He has fashioned something pos- 
sessing the attribute of escaping destruction 
and continuing to work on the death of the 
living thing by which it is produced. 

It is very probable that since man rose 
from savagery to civility, the general level 
of the intellectual capacity of the individual 
has not grown higher. - The Dorian Greeks, 
the Romans, the Celts, and the Teutons 


acquired, in their primitive struggle with 
adveme natural conditions, the force ot 
mind which they used in building up their 
civilisations. Yet, in spite of the fact that 
the mental powers of the individual have 
not increased for some thousands of years, 
humanity in that time has made remarkable 
progress in material comfort, in command 
over nature, in culture and morality. All 
these achievements are the direct results of 
an improved organisation of society, by 
means of which the paralysing limitation of 
j)hysical heredity has been profoundly 
modilied. This transcendence of an awful 
natural law is the first of man’s greatest 
achievements over nature, and by far t he 
most important. From it are derived all the 
other advantages now enjoyed by humanity, 
or brought within a prosj^ect of enjoyment. 
Man’s first grand revolt was his transcend- 
ence of a harsh, restricting law. 

And how successful has been his rebellion ! 
As his social progress is not wholly de- 
pendent on the forces that govern the lives 
of the brutes, he has been able quickly to 
create a glorious heritage of civilisation by 
means of which he supplements to an extra- 
ordinary degree the feeble powers wliich he 
obtains by natural heredity. A man now 
makes two bequests when he passes away. 
He still bequeaths to his children some of 
his physical and mental characteristics, but 
his high achievements — his mechanical 
inventions, and his moral, artistic, and in- 
tellectual conquests — he leaves to mankind. 
The Law of progress is that progress’, lies in 
the production and selection of useful 
variations, and certainly in the evolution of 
society there still obtains something like 
this Law. In social organisations, liowcver, 
the fruitful variation is not the individual 
as such, but his surviving thoughts. Thus 
we may say that the growth of the social 
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fabric is similar to the growth of conscious- 
ness lather than to (lie growtli of the 
jihvsieal body it sell. 

The modern ei\’ilise(l society is a sort of 
(luasi-|)ersoiialily embodied in the common 
mind ol its individual members. Tlie forces 
of the social world, h(nvcver, are as subject to 
law as th(.* forces of the physical world. In 
it are enrrents of attraction and currents of 
diversion ; some bring the individual under 
the sway of the group; others enable the 
single man to strike out into some inde- 
pendcait and original line of action. Of 
course, tli^ natural socialising power is the 
gregarious instinct of the hiiniaii being. It 
may h) a legacy from a remote animal 
aiK'-estor. This instinct, however, is not 
very strong ; even in the lowest races it 


Man, in short, is partly a social produc t 
ilis race is of small importance when coin- 
])ared with his social race-conditions ; even 
the action of his physical environment i. 
slight in comparison with that of his soci.il 
environment. Plato lield that man was 
born with ready-made iileas which couM 
never be acquired by mere experierici'. 
Locke, on the other hand, contended that 
all the notions we possess liave their origin 
in iwdivddual sensation. Philosophers an- 
still disputing the matter ; but. looking at 
it from anothiM* point. of view, it is clear that 
Plato’s wonderful world of ready-mailc 
ideas has some sort of existence. It is tin' 
world of society. It is not we who think, says 
Post, the greatest living authority on juris- 
prudence, but humanity that thinks in us. 
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lias to 1 h‘ su])])lemented by a certain curious 
numtal ac(inirement. Man differs from all 
animals in that his instincts are not rigidly 
(Ulined, ami the instinctive part of his 
nature becomes smaller as he grows up. The 
more a ( realnre is destineil to learn in its 
lifetime, tlu‘ less rigidly delined it must beat 
birth in the matter of inslincls and special 
|)()wers. What we inherit is a capacity to 
learn, and not, like the animals, an ability 
to perfoim. It is live plasticity of our 
instincts* which gives us so adaptable a 
nature ; and this plasticity enables us to 
acipiin^ by social hereditv infinitely more 
than phx’sical heredity conul ^;\a us. 

Till* child conies into tiie world like a piece 
of soft clay, and the community into winch 
he is born does much to mould his mind 
and hi.', ciiaracter, liis feelings and his habits. 


But by what means does the individual 
acquire his social heritage ? I hu e we come 
to the probltun of that curious mental ac- 
quirement which supplements in the human 
being the instinctiv'e ability of the animals. 
Man possesses in an extraordinary degret* 
the faculty of learning by means of imila 
tion. In this n‘spix:t no monkey can com 
pare with him. He is a marvellous miniit . 
and continually and unconsciously lu‘ 
mimics the modes of feeling, the frames <»l 
mind, and the ideas of the group in which lu‘ 
lives. This is liow tlie intellect and character 
of a child are developed and furnished. A 
child turns to others as a flower turns to 
the sun, and he learns by imitation- 
Though few men and women know it, thc\' 
also are constantly being moulded in .i 
similar way. There is a certain mild form 
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have produced a general similarity of desire 
and an easily moved suggestibility, the spirit 
of the crowd is a most dangerous factor in 
the State ; it is largely responsible for the 
destruction of real liberty and the prevalence 
of various sorts of licence. In this case a 
strong-handed tyrant, or a subjugator at 
the head of a foreign army, is necessary to 
restore discipline and order. 

Happily, the defect ol too docile a 
responsiveness to social suggestion docs not 
always lead to mob acticju. Indeed, as a 
rule, it makes for a rigid conservatism. 

The CMef Social Force in all Primitive 
Communities 

On tlie one hand, it is responsible for 
freaks of fashion and epidemics of wild 
tliought and blind feeling. On the other 
hand, it keeps alive foolish superstitions 
and outworn usages and conventions, and 
it produces inertness of intellect and 
stagnancy of emotion. Social suggesti- 
bility at its lowest is imitation reduced to 
meni repetition. A man does something 
just because it is “ the thing to do it — • 
that is, because other j)(M)ple are doing it. 

Unintelligent social imitation of this kind 
is the chief force in all ])rimitivc com- 
miiniti(^s. It is jjrobable that every 
individual savage is capable, in favourable 
circumstances, of some degree of invention, 
but the social groii]) to which he belongs 
com])els him to live entirely by imitative 
routine. All social actions thus become 
by repetition rigid social habits, and the 
principle of growth and pn^gress is entirely 
lacking. Human society in the purely 
imitative stage ol culture is scarcely a 
higher form of organisation than the animal 
societies wliicli are maintained by mere 
gregarious instinct. One of the few good 
ri'sults of war is that coiuiucst does some- 
times brt'ak down the purely imitative 
organisations of some of the lowest races. 
When the victors owe their victory to some 
sort of social progress, they introduce among 
the vanquished new elements which perhaps 
stimulate tlieir latent powers of invention. 

The Imitators who carry on the Experiences 
and Achievements of the Race 

On the whole, however, the social imita- 
tive spirit of mankind is an instrument of 
sane and steaflying power. Some impor- 
tant societies have been yncserved by the 
mere repetition of tlumght and custom, 
especially when there war. much’ sound 
matter in the traditions established by the 
ancestors of the race. Sparta, so luipro- 
gressivc when compared with Athens, is 
an example oi this healthy conservatism ; 


and China, wliich has outlasted all tlio 
progressive empires of the ancient Westci u 
world, is a still more remarkable example. 

In a general view, the social spirit ct 
imitation is more effectual and moie 
important than the individual spirit (.f 
originality. It preserves and carries on all 
those grand traditions, those vital conven- 
tions and instruments of civilisation, in 
which are resumed the cxi)eriences and 
achievements ol the whole human race. 
Burke has said that no man could trade on 
his private stock of. reason. As a matter 
of fact, reason is a social thing ; it is In 
imitation that a child acquires the supreme 
faculty of speech, and the thoughts he 
.develops by means of language. A soli in i \' 
man could not live a full life even on the n - 
sults of the best sort of conscious education. 

Ill many social matters one learns in ii 
glimpse, by imitative suggestion, more than 
could be acquired in many hours by explana- 
tion and study. The life of the individual 
is short and shallow, but the traditional 
wisdom of society is far-reaching and ])ro- 
foiind. And, seeing that our intellectual 
and emotional habits arc mainly formed by 
social suggestion long before we come to 
think partly for ourselves, it is impossible 
for the most independent mind to free itscll 
siilliciently to criticise its own foundations. 

Will a Higii Civilisatioa Utterly Abolish 
the Human Struggle for Life 7 

We are all social prodticts rather tlian 
social units. No doubt during our generati(ai 
society is largely embodied in us, yet we 
do not represent the whole of society. 

Im])crial spiril.s 

Rule the present from the peist, 
as Shelley said ; and in the social conscience 
the interests of the future are also guarde«l. 

Some thinkers have endeavoured to show 
that enlightened self-interest would make 
a man a good member of society. This, 
however, is a mischievous view. For it is 
possible to make rules of individual action 
which contain tlie highest wisdom and arc 
yet unsocial. These rules would be thosi 
dictated by discretion and convenience 
ex^xidiency, and the attainment of personnl 
happiness. Such motives are indeed found 
in all defensive and aggressive organisations, 
and in most of the productive and dis- 
tributive agencies of civilisation. Intelli- 
gent, self-regarding action, with the aim ot 
success, is now widely employed in political 
and industrial life, and on its apparent 
utility in these fields there has recent! \ 
been formed a gospel of national cfficicnc\’. 
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Little or no progress of society, how- 
^ can be effected by organising all 
the ’machinery of a nation on purely 
iiMitific lines. For society is at root an 
r.miinisation for the development of social 
nioialily. By means of it, the harsher 
for life has been mitigated with a 
x'iew to its entire abolition. The only 
natural struggle which is valid in the highest 
sort of human civilisation is the struggle 
against the agents of disease. Here, until 


individual— gives him his language, his feel- 
ings, his thoughts, his craftsmanship and 
industry, his customs and institutions, his 
ni'cetl and his government — surely society 
Inis the right to restrain his purely selfish 
nit crests when these conflict with the in- 
terests of his companions and the interests 
'd future generations. This restriction is 
effected by means of the social conscience. 
Now we come to a very interesting but 
somewhat difficult point in our examination 


of the relations between the individual and 
the community. We have seen that to a 
large extent the mind and character of a 
man is a social product ; and so, too. is his 
sense of right and wrong. To put it briefly, 
a man cannot think of himself except in 
terms of other men. As a psychologist 
would say, the social situation is implicated 
in the thought of oneself. A man (loes not 
need to consider “ What will people say of 
this selfish action of mine ? ” His conscience 
j tells him ; his 
; conscience repre- 
sents Ihc social 
force in its highest 
anil ])urest incar- 
nation. 

This seems in- 
telligible at first 
glance, but in one 
of the last of his 
writings Huxley 
\ raised an appar- 
|i cntly well- 
founded objec- 
tion. His point 
was that if the 
moral sense were 
the outcome of 
social relation- 
ship, then a man 
ought to feel an 
obligation to ])er- 
fonn the bad acts 
in which society 
indulges, as well 
as the good acts. 
Now, this really 
happens in cer- 
tain c i r c u m - 
stances. Very 
young children, 
for instance, 
sometimes feel 
impelled to imi- 
tate everything ; 
a selfish action 
arouses their 
selfishness, and a 
generous action provokes their generosity. 
A somewhat similar thing is seen in savages 
of an inferior type, and it ])erpetuates the 
horrible vices and the sanguinary customs 
of very low races. The individual begins 
by imitating both the good and the bad 
elements in the social group. In civilised 
societies, - however, this natural lawlessness 
is corrected by conventions and laws and 
religions, in which the best spirit of the 
race is embodied. 
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l('ss than a hun- 
, live I years ago, 
in an " u neon - 
s(iouslycoin]>eted 
;iL;ainst man in a 
licici; selective 
process in which 
ihe microbe acted 
as the selector. 
It wiped out 
weak slocks and 
individuals with 
lieble constitu 
lions, ami by a 
l(»ng, agonising 
st niggle it forced 
the race to keep 
slroug and im- 
in u lie. Alcohol 
and narcotic 
drugs are also 
selective agents 
ill a natural 
struggle between 
Ihi^ members of 
sociidy. Now, 
however, the 
<'ommunity is be- 
ginning to protect 
all its members 
even against 
these natural 
agents ol selec- 
tion. This is the 
'^Ujireme triumph 
ol social morality. 

As society docs 
so much for the 



DESPOTISM AND CIVILISATION ONLY 2 U YEARS APART 
These two nictiires show in Ji slrikiiiR way the rapid spreadiiiK of ideas in 
society. The upper picture shows .a law court in old Jai>an ; the lower piclurc 
shows the Japanese Parliament fully 'established less than 20 years later. 



l-Jut, ill order to create any kind of im- 
provement whatever in social organisation, 
a man must rise superior to tlie society 
in wliich he lives. In other words, the 
socialising ])ower ot imitative suggestion 
must l)e supplemented by the individual 
faculty of invention. 'Fhere are, howev'’er, 
so many constraining and levelling social 
forces that it seems as though the indi- 
viduality of a man is thereby su]ipressed. 

Tliis, however, is not the case. The 
better organisi’d a society is, the greater is 
tlie power of the individmd. To put it in 
a paradoxical way, the more imitative a 
|)erson is, the more original he will become. 
To a large extent botli genius and talent 
are based on a ca])acity for real assimilation. 
The more ti\ ing knowledge a man tibtains, 
the greater powrrs of thought and creative 
imagination he develojis. (ienius is 
measured by its scope. Minds of the 
highest order, such as Shakespeare’s and 
Newton’s, have an extraordinary faculty of 
assimilation. In such minds are brought 
together tor the first time elements of 
knowlcilge which formeiiy existed only in 
scattered traditions or separated sources of 
information. Their originality consists in 
making a novel combin.iUon oei ot jiiccos 
of old material. 

This may seem a poor kind of originality, 
but it really is cieativeness of a supreme 
kind. It is the sort of creativeness on 
which the piogn-ss of society entirely 
Ii8 


ilei)ends. This is explainetl by the pro- 
found difference between the world of 
matter and the world of mind. The world 
of matter is comtxised of a mass of energies 
varying in appearance but iinchangt'ahle 
in (piantity ; notliing can be added to it ; 
there is no progress in it ; only a process ot 
evolution ami dissolution. Hut in the 
world of mind there can be a continiKil 
creation o{ new elements. There is no 
justification for saying that a physical fact 
is new merely because it has just been 
discovered ; but every new idea brings into 
the world of mind something which did 
not exist before. Jf it is a great social idea it 
may give a new direction to the course ol 
human development and increase the powci> 
of every individual. 

For the powers of each individual air 
augmented by every improvement in social- 
isation. The richness of his social heritago 
is extended ; the amount of contemporary 
knowledge at his disposal is made greater; 
and his personal influence is widened aiul 
deepened. His inventions may revolu- 
tionise the life of the community ; his di'^- 
coveries may add vastly to, its resources ; 
his literary work or scientific writings niav 
.set the aspirations of a nation and maik 
an era in the history of mankind. When 
we remember that the modern stcam-engi nr 
was once only an idea in the mind ol 
('dasgf)w instrument maker, and when 
recall that Watt found the engine a practk ul 
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iiKirliinr, iind only slightly improved on a 
lirst priiiciiiU^ of meclianics already worked 
out in practice by iniiuriierablc men, vve can 
st‘(‘ clearly how small the originality of 
an individnal may lx*, in (piantity, and 
yet lu)W vast it may be in (piality. In 
the world of thought it is often the little 
new (liings that tell, especially wlien the 
slight novelties are closely related to 
older achic'vements, so that the develoj) 
inent appears natural and involves little 
divergenci‘. 

Too great an originality of mind in the 
iiidi\'idiial is sometimes fruitless. Tt is 
lightly said of men of the stamp of Roger 
l>:i<*on that they were born before their time. 

I lu‘ new thoughts of an inveaitivc mind 
innst be only a little alxwe the average 
intelligence if they are to produce an 
immediate and a wide effect. In other 
'Voids, they must be capable ()f being 
so('ialis(‘d by general imitation. It was by 
imitation that the inventor acquired his 
materials from society, and it is by imitation 
that society, in turn, acquires from him his 
ni‘w idea. The need lor campaigns of 
‘■ducat ion to effect the most evident of 
social reform shows that the general mind 
ol tlx* community is usually on the side 
“1 the average conservative man. So the 
h’^s distance there is between a new idea 
‘>ihI the traditions from which it is worked 
‘'Id, the less resistance tllere will be to this 
Jcea liecoming incorporated in the social 


labric. When we ttdk of inventive minds, 
especially in connection with tlui ]>rogress 
of modern civilisation, we do not refer 
exclusively to men of genius or siqxTior 
talent. Every normal member of a highly 
civilised community i)osscsscs some initiat- 
ing power. Few civilised men live a life 
of purely repetitive imitation ; by th(‘ir 
work, by their example, by a thousand 
little imremcmbered acts, they play some 
})art in casting the social heritage into a 
better or worse form, and in handing down 
this new form to the next generation. One 
of the chief results of the. new scicnci^ of 
society is to rehabilitate the powi‘r of the 
individual. Instead of regarding social 
institutions, id(*as, and sentiments as the 
spontaneous product of the nameless multi- 
tude, modern science rightly considers them 
the achievements of inclivuluals. The indi- 
vidual genius, however, is mainly a iiroduct 
of the social spirit, and its new ideas, in 
order to be effectual, must be consi)lidated, 
diffused, and preserved by imitation in the 
SfK'ial mind. Then, from the contents of 
the social mind, the materials for new inv(‘n- 
tions arc in turn obtained by the great 
minds of the next generation. Thus there 
is a constant give and take between a 
society and the individuals comj)osing it 
and out of this give and take, in favourable 
conditions, tlie forces of progress are evolved. 

What is it that contributes most to the 
development of a community ? Some men 


T 10 


HARMSWORTH POPULAR SCIENCE 


of science, we are afraid, might be tempted 
to reply that intellectual power, and the 
wonderful knowledge now being obtained 
by the exercise of that power, are the grand 
factors in social progress. But the truth is 
probably that a higher morality, a finer 
and mure sensitive conscience, arc the 
main things necessary to the development 
(jf human Society. In order to get men to 
co-(jperate in promoting the general welfare, 
we must first break down the ])aiTicrs of 
selfishness. vSelfishness has many shapes, 
some grosj, some subtle, and it is probable 
that many men, in following their own 
personal ends, have indirectly done social 
good. But, as was said before, the most 
enlightened self-interest is not a true form 
of sociality. No self-interest, however 
enlightened, 
will l)y itself 
lead a man to 
act for the bene- 
fit of future 
generations. 

Yet, whatever 
any man holds, 
he holds purely 
as a I rust ce. I t 
is a legacy 
slowly acciiniu- 
lated l)y tears 
and blood, by 
struggle and 
self-sacrifice, of 
i n nil merable 
generations of 
men and women 
who have gone 
before us. It is 
our duty — and 
it ought to be 
our jileasure — 
to sacrifice a 
little of our comfort and devote a little of 
(uir lalxmi to the task of improving this 
legacy of society, and thus doing for those 
still unborn what those now dead did for us. 

The question of social progress is now 
largely a question of the development of 
social morality. Having mitigated the 
primitive struggle for existence and come to 
co-operate together, we must moralise 
natural law, by a deep-seated feeling of love 
for our fellow-man. As struggle is the older 
. law of Nature, so love is the jspirit of 
society, and thus the new law of Nature. 
It is by no chance that Christendom, 
despite its disinclination to put in prac- 
tice the Sermon on the Mount, has become 
the cenire of a civilisation which is radiat- 


ing over the earth, even in Japan aiKl 
China, in Persia and in Turkey, and pro- 
ducing vast revolutions in these ancient 
states. For modern Christendom is the 
best example in history of socialisation on 
a large scale. It combines a useful diversit\’ 
of languages and local traditions with the 
unifying factors of common creeds, similar 
institutions of learning and government, 
and a vast common fund of culture. As 
the recent congress of races shows, therci 
is now beginning to obtain a larger sensii 
of commonalty, and new forces are'quick(Mi- 
ing the heart and mind of all the peoples 
of the earth and lifting them up on a wave 
of common hope into a state of civilisation 
far higher than any that has yet existed. 

No doubt the steamship and the railway 

and the tele- 
graph h a V e 
brought nations 
into closer con- 
tact, but men’ 
contact is not 
society. For 
thousands ol 
years neighboiir- 
mg nations have 
tradeil togetluM 
without findinjj 
in commerce ii 
consolidat in^j 
and p a c i j u 

power. What 
was wanting wa^ 
an overspread- 
ing atmosphen 
of high though b 
and large feel 
ings d e r i v e ( 
from some uni- 
versal social isini' 
power. Thu 
power has at last been created by the Ni‘n> 
Reformation begun in Christendom. 
happy fate the movement of social refoi n 
occurs in an age of mechanical invention aiu 
scientific progress ; and, instead of failing ii 
the various ways in which similar mo\ e 
ments have failed, it has increased in steadi 
ness and scope and orderly growth, and iu 
spired men with new ideas of human socict y 
It is the influence of thqse ideas whi<^l 
is transforming the mere physical contar 
of the nations into a sympathy of aspiration: 
and a communion of thought. Thus all nici 
are at last gathering into one society 
bringing with them fresh sources for ll‘< 
production of those new and fruitful vai ia 
lions which make for progress. 



THE PUBLIC BURNING OF OPIUM PIPES IN CHINA. 


New forces are quickening the heart and mind of all the peoples of t he earth, lifting 
them up on the wave of common hope into a higher stale of civilisation ; and no 
national example of lliis nplifiing movemeMt can compare, in dranialic intensity and 
far-reaching potentiality, with the national war against opium in China. 
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II IS Dy no mere chance that Christendom has become me i Y.\ 

•ver the earth, for Christendom is the historic example oi socialisation 
.1: 1 ,.i wifrh nminifin rreeos and 


•ver the earth, for Christendom is the historic example m .*,oe..u.:,.mw.. y.. .. 

'<anbinin- diversity of langnajje and tradition with common creeds and 
may think of Paul, therefore, as a j;reat transformer of society, who, m saymj^ Chr si ani^ 
from becoming narrow— by talking to his gaolers or by writing letters from his , 

^avenew strength to a spirit which has woven itself in the very structure of the modern \\(. 


ame the centre of a civilisation radiating 
:ample of socialisation on a large scale. 





CROUP K-tUGENI^TjO^BLING OFTHE IIFEOF THE FUTURE-CHAPTER 1 


THE PEOPLE CALLED EUGENI STS 

The New Science That Would Control 
•the Future and Create a Nobler Race 

WILL LOVE TURN IT UPSIDE DOWN? 


T he people called Eugenists believe that coming of nobler and finer men and women, 
the soul of all improvement is the im- the disappearance of disease and ugliness 
jinweinent of the soul ; that, since in- and misery and vice, the making of a 
(lividnals arc mortal, the quality and better world, the dawn of the (iolden Age 
(jiianlity of parenthood are the dominant which poets fabled in the past, but towards 
factors in the destiny of any jieople ; which we know our feet arc pressing, 
that the culture of the racial life is the vital But Eugenists say that if these ideals 
industry of mankind, everywhere and arc to be achieved, more is needed than 
always ; that every child who comes into noble statement of them, more than ]M*ayers 
the world should be iilanned, desired, and and tears and faith, more even than hope 
loved in anticiiiation ; that the function of and courage. “ To work is to pray,” and 
government is the production and recog- the call to-day is for the faith which works, 
nition of human worth, and the extirpation The task is our task, because we are also, 
of human unworth ; and that to these in the great phrase, ” partakers of the 
incom])arable ends, for which the world Divine nature,” and are called upon to do 
was made, all powers of man and of Nature, our part in the task of creation. We 
all forces, spiritual and material, must be generate the race, and we must regenerate 
made subservient. it. The records of the jxist give us our 

These pcojde number among them all the warrant of possibility, if we consider whence 
gloat thinkers and students of mankind, all we have sprung ; they give us all-important 
who have perceived and striven, ana guidance as to principles and methods ; 
whose spiritual heirs we are. Plato was a and while the past thus teaches us, it also 
luigeiiist, no less than Galton. The great ins])iR^s us with the idea of a mighty debt 
poets are Eugenists, one and all, as a noble which we owe to the past, and can only pay 
volume might be occupied in proving, to the future. ” To the sf)lid ground of 
.'I'hey have all known in their hearts what Nature trusts the mind which builds for 
Whitman knew, when he said: “Produce aye.” Tl we are to build a nobler race, 
great persons, the rest follows,” and what which is greater than building noble cities, 
Wordsworth knew, when he asked : and is iinleeil the object of building noble 

Wliat one is. why may not millions be ? cities, we must lay our foundations in this 

Wh.at laws are set bj' Nature in the way of such solid ((round, 
a hope ? At this point Eugenics, which was already 

Let us be assured that this is no new fad, seen to be a religion, is seen to be a science 
but rather the modern form of the idea and also. If we are to practise our religion, we 
the ideal to which the noblest men and must bring science to our aid, and we shall 
women of all the past have consecrated all later discover, more clearly every year we 
their powers. live, that not one science nor two, but 

Its modern characteristic is, as wc find in many, if not all, are called upon to conti i- 
every other sphere of thought and action, bute their share of guidance, warning, and 
that it has become informed with science, inspiration for the jicoj^le called Eugenists. 
1 he people called Eugenists desire and hope The time has come when these pcoj)le^ 
for what all people worthy to be called are definitely called upon to state, not so 
human have desired and hoped for — the much their creed, as their proposals for 
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translating that creed into deed. The eugenic 
idea is acc('})ted ; the lirst articles of the 
creed have won assent, hearty or formal, 
active, oi i)assive, from all i^oople. They 
are beyond challenge. If our campaign is 
to remain thine, everyone may say that 

We arc all luigcnists nowadays,** just as 
Sir William .Harcourt said: “We are all 
Socialists nowadays.** But Socialists reply 
tliat, wliile this is in a sense true, they never- 
theless an' a distinct ]x-o])le, not because 
they have a distinct object- -fcjr we all want 
everybody to l)e happy — but because they 
have a dii^.inct theory as to how that object 
may be attained. Just so, Eugenists reply 
that, though all men desire what they desire, 
they are nt'vertheless a distinct j)eople, 
not only because they keep that end more 
clearly and wludi^-heartedly before them 
than other |)eoj)le, which is certainly the case, 
but because they have a distinct theory as 
to how this desire of all men may be at- 
taineil, a tlu'ory which is not tin* aristo- 
crat’s or the Socialist’s, but is original with 
the Eugenist, and with him alone. 

WhM are the Factors that Make all Types 
of Mea and Women 7 

Here, then, the writer sets forth the 
])raclical and immediate principles which 
must be admitted by Eugenists, according 
to the develoj)ment of his thought during 
the |)ast i'ight years. As it appears to 
him, the ])eople called luigenists are there- 
fore ('ailed upon to admit these principk^s 
if they are to be true to their creed ; and 
though some of tliese principles may be 
more imp(ntant tlian others, or more 
])racticable or more urgent, none must be 
omitti'd, for all are essential. 

It being granted that our object is the 
making of noble individuals, we have lirst 
of all to ask ourselves : What are the 
factors that make tlu! individual noble or 
base, healthy or diseased, tall or short, 
ck'ver or stupid, kind or enud ? The 
answer is clear. E\'ery attrilnitc and 
character of every living being is the 
pnxluct ol what wi' may convenient! v 
call “Nature” ami ‘‘Nurture.” These 
terms were adojded by Sir Francis (ialtoii 
from a phrase of Shakespeare’s, and they 
are so convenient and iipt that they are 
ra])idly ('oming into general use. The 
student knows that they are invaluable 
and indispensable at every stage of his 
study and intei |iretation , and they, must 
be nuisideri'd iii di.'tail lait‘r. Meanwhile, 
we ucognise that “ Nature, ” inclmling 
heredity as that is usually understoorl, 
and ah*o ev^erythi?ig else' given at the 


individual’s beginning, though it may Iv 
unlike anything possessed by the parents ; 
and “ Nurture,” including all mitrilion 
from the moment of the formation of th*' 
new individual onwards, all environment, 
physical, social, spiritual — that these tw* 
cover between them, if they be proper! v 
understood, the whole of the forces that 
make us, or that make any living being. 
j)ast, present, or to come. And we recognise 
that both arc essential, for if there be no 
nature, nurture is impotent ; and if then* 
be no nurture, nature comes to nothing. 

The Great Ead of Eugenics is Fine Germ' 
cells for Fine People 

If this be granted, we have made a great 
stride. The people called Juigenists, while 
l)roclaiming a new doctrine, must asseil 
their assent to an old dc^ctrine, and nnisi 
admit it to bi' no /css essential than tbcii 
new contribution to the argument. Thev 
must admit the whole of Nurture. It is 
not as if the em.! of luigenics were the 
tnoduclion and mating of linti germ-cells. 
We want not germ-cells, but people ; and 
we want gcrm-cells, howevc'r line, onlv 
because they develo]) into people. W'e 
must therefore nourish them, at everv 
stage from the first to the last. This 
establishes, for instance, the case for tlu' 
care of exjiectaiit motherhood as essential 
to Eugenics, though many i)rof(.‘ssing 
F'ugcnists jirotcst at this ])()int, and call 
the care of a child before it is born 
“ Socialism,” and the ” end of all things,” 
including religion- though to pay lati i. 
in children’s hospitals, for oiir lu'glect of 
the unborn appears to the?n charitv, and 
therefore religious. This kind of folly has 
only to be (‘xposed to be desjused, and wr 
need say no more of it in this placi'. 

Are all Men Born Free and Equal into 
the World? 

There is therefore a Nurtural luigenics. 
an essential and integral part of our scieuci- 
and 4)iir practice. The asserted opposition 
Ixitween eugenics and social reform, euge- 
nics and education, eugenics and ])hilan- 
throjiliy, does not exist. The Eugein^i 
accejits, welcomes, seeks to extend all the 
agencies that make for better nurture, 
alike for rich and poor, born and unborn. 
If and when he quarrels with those who aie 
nowadays sometimes called the environ- 
mentalists, and thereby denies the value < f 
environment for his own ideal, he is talkiin." 
nonsense, and arousing opi)osition between 
those wlio should be friends and allies. 

But the difference between the people 
called Flugenists and all other people 
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whatsoever lies in the fact that they recog- 
nise the factor of nature/' or liercdity, its 
,,'cll in place of, the (actor of 

“ nurture,” or environinenl, in the making 
of human beings. If partisans, calling 
themselves Kugenists, desire us to exchange 
the obvious half-truth called “ nurture ” 
for the obvious half-truth called ” nature,” 
we must not listen to them. Hut the 
hhigenist is compelled to insist that his 
Special contribution to the whole truth is 
necessary and essential, and that the whole 
Irnth^ cannot be seen without it. 

The Kugenist- maintains that when we 
say “ All men are born free and equal ” 
we are stating a truth or an ideal which 
is ]iolitical, not biological. The political 
truth is glorious and never to be decried; 
hilt neith(*r must it be confounded with 
the biological truth, wliich is that, vitally 
speaking, not only are 
all im*n not born free 
and equal, but all men 
and women are 
different, and some are 
as certainly doomed 
by tli(*ir nature to in- 
feriority and slavery 
— not ])olitical slavery 
— as others to sui)e- 
riority and freedom. 

If all children begin 
alike, and it the differ- 
ences between men 
ait‘ therefore all due to 
nurture, then iilainly 
what we here deline 
as Nurtural Eugenics 
is the whole of 
t ugenics. Hut if fkancis 
children differ in- fou.nuh 

herently, and if these differences are not 
accidental, but jiroceed by law% and if they 
langc from the criminal lunatic to the saintly 
gt'uius, from the blight of disease to the 
radiance and wholeness of ht'alth, then 
])lainly Nurtural Eugenics is only a stage 
“f the whole making of a man or a woman, 
and not the first stage, but the second. 

Now% this argument exactly consorts 
with the experience of the last seventy <)r 
eight^^ years, in which, to consider our 
own country, so much lias been done for 
social reform, including the nationalisation 
of education for the latter half ot the 
period. On the whole, the record is one 
not of the ennoblement of life, or, if it be 
^o, at any rate too much remains to be 
done. \Vc have wrought enormous im- 
provement in the conditions of life, in 


housing and drainage, in diet and water 
supply, and in w^hat is called “ education,” 
but should never be so called without 
(luotatioii marks, to indicate that there 
is another and better use of the term. 

All these and much more have wc* 
attended to, but the weightier matters, or 
the primary matters, of the law of life have 
been forgotten. We have cared for the 
feeble-minded girl when she got into 
trouble, and for her feeble-minded child, 
when she got into trouble ; and we now 
have all three generations sometimes 
living together in the same workhouse. No 
doubt it is a fine workhouse, well ventilated, 
with large grounds, which provide for its 
expansion. And we have taken good care to 
ensure that its expansion will slmrtly be 
requiretl ; for we have actually devoted 
ourselvxs to “ nurture " in such a fashion as 
to ensure, guarantee, 
and multiply the 
(piantity of defective 
“ nature " in each 
succeeding generation. 

This, then, to take 
only one instance — an 
urgent and soon to be 
corrected instance, 
fortunately — is what 
the Eugenisl means 
when he declares that 
the factor of ” nature ” 
or heredity has be(‘n 
forgotten ; and even 
that it would be and 
is (juitc jiossiblc to 
attend to nurture in 
such aw'ayas rapidly to 
cause the degeneration 
and complete ruin of a 
race. For instance, we might and do take 
great care of defective children, and of the 
ilefective baliies of di fcctivc mothers — as we 
certainly should , but w e also neglect myriads 
of healthy babies and healthy mothers. It 
can be demonstrated that in many instances 
these huge national experiments far worse 
than any that the anti-vivisector objects to 
— ensure the survival of a much larger pro- 
]K)rtion of feeble-minded than of normal 
children. Plainly, our care must become 
more, careful, our philanthropy more ]ihil- 
aiithropic ; or in a few' generations the end 
w'ould lie in sight. 

Only too frequently, the people called 
Eugenists attempt to buttress and present 
their case w'itli illustrations w'hich do not 
illustrate but merely darken counsel. For 
instance, they argue that the race is 
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degenerating because the birth-rate is falling 
more rapidly among the middle-class than 
among the artisan class. It may be so, but 
it requires ])roof : and there is not the 
shadow of a scintilla of proof forthcoming — 
no, not though we wade throiigii a wilder- 
ness of statistics, which one and all omit 
to consider the differences in nurture 
between thc'se two classes. This kind of 
argument is worse than worthless for the 
eugenic case ; but the wise Eugenist will 
instance the feeble-minded, and will con- 
vince thennvith and forthwith all but the 
very feeble in mind. 

Now, if “ nature ” be. so important, if 
the degree of its im])oitance becomes more 
evident and massive and minutely detailed 
with every year of investigation, and if the 
experience of all who breed cattle or roses 
or horses or ]K*as proclaims the same truth, 
are we not bound, by the highest of moral 
sanctions, to aj)|dy our knowledge to the 
incomparable and superlative case of breed- 
ing men ? To this question the people 
called Eugenists return the answer that this 
is our duty; that, notwithstanding all 
diflTicullies of ignorance, prejudice, conven- 
tion, legislation, or public o])iiiion, that 
iluty must be done, and that the time to 


begin doing it is now. Slowly, but as sure!'/ 
as the very flux of Time, man will conquer 
these difficulties ; the fools and the cyni( s 
and the impotent, their laughter and sneers 
and yawns, will pass into the jaws of dark- 
ness already gaping for them, and it shall W 
seen that the forces which have erected man 
from the brute and the worm are not yv[ 
exhausted in him, for they have theii 
perennial source in the inexliaustible. Tli<‘ 
river of life is still flowing to the sea ; thi^ 
is but the delta yet, not the Great Deep. 

If we are to conquer we must obey. Jloth 
hands, both eyes, both halWis of our brains, 
both halves of every truth, are needed for 
our pur]>ose. We must make a fresh start, 
and to our Nurtuicil Eugenics, which ever\ - 
one is agreed upon, we must add a Natural 
Eugenics, which everyone shall yet be agreiMl 
upon. If present people will not, or cannot , 
see it, it will breed those who will and can ! 

Now, these two portions of Eugenics, 
corresponding to the two stages in llu- 
history of any individual, the stage ol 
providing the material, and the stage of 
developing it, must be put in due relation 
to one another ; and plainly we must 
speak of Natural or Primary Eugenics, 
and Nurtural or Secondary Eugenics. Thesi* 




THE STREAM OF EIFE THAT GOES FOR EVER 
From the iKiintiii}; liy Mr. C. W. Wyllic 


FORWARD 


^•rms do not grade the importance of 
‘ nature ” and “ nurture ; that is a kind 
)1 lolly practised by tliose who measure life 
)ii pai)er, with no idea of a living thing. If 
)()lh are essential, there is no more to say. 

Ihit Natural Eugenics is to be called 
)rimary and Nurtural Eugenics secondary, 
M*cause that is their order in time, that is 
.\\viv order in logic, and that, notwithstand- 
ng all our doings hitherto, must be their 
jider in practice. For the first time in 
;ho history of modern civilisation — Sparta 
uid Israel wi*rc forerunners — we are about 
lo begin at the beginning, which, for each 
)f us, is our “ nature,'* our parentage, 
through the germ-cells whereof we were 
compounded. This is not sulTicient, Ixit 
this is juimary, and nurture, even including 
iuite-natal nurture, is secondary ; this must 
we do, and not leave the (jtlier undone. 

No more need be said at this ]^oint 
regarding Nurtural or Secondary Eugenics. 
We shall see in due course that, though this 
is not the sj^ecial contribution of the people 
railed Eugenis ts, they have their own view 
“f it, and a very illuminating view it is. 
We shall see that, while others agree about 
the nurture of the adult, say as to housing, 
or the nurture of the adolescent and the 
school child, and while lately public opinion 
has discovered the infant, the Eugenist 
alone has discovered the wonderful, familiar, 
hitherto forgotten truth that every one of 
iis is alive for nine months before we are 
born. When people insist on nurture, as 
they always do in the company of the 


Eugenist, he ri'plies : “ Very wi‘ll; to 

nurture you appeal, and to nurture you 
shall go. " It means more than you bargain 
for. Every exi)ectant mother in the land 
involves the nurture of tlie next generation. 

Is there one expectant mother in England 
who is ill nourished, unprized, dishonoured, 
worried, overworked in factory or liomt*. ? 

If so, be as good as your word ; and if you 
believe in nurture f()r the next generation, 
begin its nurture now." This is one of the 
great issues of immediate progress, and none 
of us will live to hear the end of it, though 
the National Insurance Bill provides an iota 
of the beginning. Mere one only makes a 
preliminary note-‘-that nurture, like most 
other words that mean anything, means 
more than meets the casual eye or ear. 

But now as to’ Natural or Primary 
Eugenics, as we have proposed to call it. 
This is the really new and peculiar contribu- 
tion of the peculiar people called riugenists, 
and it demands our specially careful and 
emphatic statement here. The term 
“ Eugenics," or good breeding, was in- 
troduced by Sir Francis Galton in reference 
to the possibility of breeding, more largely 
than heretofore, from “ able " stocks, whose 
members would presumably be of special 
value to the community. That would be a 
eugenic selection practised among mankind. 
But all selection m.ust really involve. 
rejection ; to choose is also to refuse ; and 
eugenics must include not only selection of 
the “ able," or the worthy, but also rejection 
of the unworthy, like the feeble-minded, 
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as those who are to become tlie parents 
of the next gcncralion. The writer, thcre- 
hji’c?, pro])(>secl that the original or 
(hiltonian eugiMiies slionhl be called i)ositive 
cugcMiies, and that the converse* slioiild be 
called negative eugenics. Tliese terms 
were a|)proved and adoj)ted by Gallon, and 
have found gtmeral employment. Positive 
eugenics we sliall detine as the enenurdgement 
of %&orlhy parenthood, and negative eugenics 
— that is to say, good breeding in a negative 
sense — we shall define as the discouragement 
of unworthy parenthood. These are perfectly 
clear prin(*i})les. Their ])ractice may an<l 
docs involve difficulties ; it may even be 
largely imjiracticable, but these are indis- 
j)utabl(‘ and cardinal lines of action. 

To these two objects of Natural or 
Primary Kug(‘nics a third must be added. 
Unfortunately, Kugenists have not yet 
realised its importance, and, indeed, it 
involves a number of new ([uestions and 
difficulties. The ])ro])osition here laid down 
is that, if there be any agencies or 
substances at work which are capable of 
converting worthy stocks and worthy 
parenthood into unworthy stocks and 
unworthy ] went hood, it is the duty of the 
Kugenist to combat those agents. Students 
of iieredity are satisfied that if a man loses 
a limb, for instance, or suffers blindness or 
facial disfigurement from smallpox, his 
subsequent iiarenthood is not ])rejudiced. 

1 1 is children will not lack limbs, nor sight. 


nor healthy skin. These are instances, 
which might be multiplied to any extent, 
of parental damage or poisoning which 
iloes not affect offspring, and therefon- 
scarcely concerns the Kugenist. But the 
few who have paid special attention to 
this highly obscure department of heredity 
are aware that certain agents are as 
definitely capable of injuring parenthood, 
by their action on the parental tissues, as 
others are not, and to these substances the 
writer has given the now generally recog- 
nised name of racial poisons. They injure 
the individual, though some may yet bo 
found that do not injure the individual ; 
but their supreme importance lies in the 
fact that they poison the race, by direct 
action on the germ-cells, of which the 
indivitlual is the trustee and the host, and 
therefore we shall call them racial poisons, 
and sharply distinguish them from sub- 
stances which injure the individual alone, 
however gravely. 

The existence of agents belonging to (his 
category is questioned by no one, though 
there is great need for further knowledg(' 
as to many agents which should probably 
be added to the list. What the agents an* 
is not our concern here, though it may be 
briefly noted that the most important of 
them in this country are the obscure toxins 
produced by the parasites of certain disease's 
and three well-defined and familiar sub- 
stances — alcohol, lead, and arsenic. 



AGRKAl IV.ACTICAL liUGJiNlST rROFKSSOR MEfCUNIKOFF IN IIIS FAMOUS LABORATORY IN PARIS 

126 



\Vc arc now in a position to complete our 
stMtoinent of Natural or Primary Eugenics. 
Wo ri‘(iuirc not only to encourage worthy 
])aronth()()(l and to discourage unworthy 
pariMithood, but also to combat the racial 
l'<)isons, which are liable to turn worthy 
• alo unworthy parenthood. The writer 
lias adopted the term Preventive Eugenics 
indicate the prevention of the racial 
‘lis(‘ase caused by these racial poisons. 

With this the principles and the cate- 
gories of the Eugenist arc completely 
^iated, so far as present knowledge goes. 
( )nc is compelled to recognise that more 
may yet be possible. Tt may be shown that 
;ertain agents, brought to bear ui)on the 
Individual, directly improve his parent- 
la Jod b^ changing for the better the germ 
rells which he bears. At the ])rcsent time 


science knows nothing of any such definite 
agent, and therefore what miglit be called a 
constructive eugenics must be left for the 
future, if possible, to practise. Meanwhile, 
the foregoing terms and definitions exhaust 
and comprehend the possibilities. In tabular 
form we may set them down in this way : 

Natural or Primary Eugenics 

1. I^osiTiVK — encouraging worthy p.'irenthood. 

2. Nkoativk — discouraging unworthy parent- 
hood. 

3. Prkvkntive — opposing the raci;d poisons. 

Nurtural or Secondary Eugenics 

1. Physical — including nurture from the 
iKiginning — not merely from the cnidlc — to 
the grave. 

2. Psychical — including education. 

3. Social and Morai— home, school, and 
nation. 
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No one knows better than the Eugenist 
who has spent years in the formulation and 
study of this programme how many Ques- 
tions it raises, and how many difficulties it 
involves. All manner of preliminary issues 
have to be dealt with, even before we 
attem])t to put tliesc principles into prac- 
^tice. We Iiavc to agree as to what we mean 
*by worth and unworth ; or, if not to agree, 
to obtain sufficient general consent ; and 
the issue of the racial i)oisons — for the bare 
recognition of which the writer has struggled 
for years, with only now incii)ient success — 
involves pVoblems which will not be solved 
in a generation. When we have decided 
what we are. to call worth and what un- 
worth, we have to ascertain to what extent, 
in what ways, how through the fathers, and 
how through the mothers — who arc half the 
race, but arc forgotten by many Eugenists — 
these qualities are inherited — a task which 
involves the study and disentanglement of 
human qualities, such as vitality ** or 
“ conscientiousness,** to a degree of which 
few, even among professed students of 
physiology or psychology, have dreamed. 

The Eteraal Question — Will Love Turn 
Eugenics Inside Out ? 

Even then our real difficulties have 
scarcely bc^gun. Granted that our principles 
arc agreed upon, that we know what we 
want and what we do not want, and that we 
know just what particular individuals, and 
what particular matings of individuals, will 
produce what kind of children, now we 
have to ascertain the methods by which the 
right i)eople can be persuaded to Ix'come 
parents and the wrong people dissuaded or 
excluded, and the methods by which we 
can induce the right pco])le to marry the 
right jxople, jor them, if any such methods 
there be. 

Meanwhile we shall encounter human 
instinct and ]iassion and pride and pre- 
judice and ])()litics and custom at every 
turn ; and, above all, we shall encounter 
the great fact of love, which makes the world 
go round, and may be quite ccpial to turning 
eugenics upside down and inside out. We 
shall have to decide whether this natural 
fact of love is an enertiy of eugenics or a 
friend ; Und if it 1x3 designed to 1 x 3 a friend, 
as we shall discover, we must search out and 
destroy all those agents, such as Mammon 
and Bacchus, which are apt to pervert it 
and make it useless for the eugenic cause. 
Not least of all, we shall have to ascertain 
whether eugenics can be achieved without 
injuriiig the individuals through whom we 
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work, or whether what is best for the indi- 
vidual is worst for the race, and the devil 
does indeed sit on the throne of the universe. 
This, also, we shall find some to assert. 

But notwithstanding all these difficulties, 
notwithstanding all the difficulties there are 
or will be, the people called Eugenists arc 
consecrated to this task. 

The Modern Joshuas Marehiag Rouad the 
Walls of Jericho 

It may not be possible to ennoble all man- 
kind at once, or to banish all vice and 
disease ; but the Eugenist may encourage his 
daughtcr*s love of a fine young man, rather 
than push the claims of a rival who is 
better-to-do, bu.t has a tendency to drink. 
He may not be able to overthrow the walls of 
Jericho and reconstruct society on a eugenic 
basis simply by sounding his trumpet, but 
he may write to his member of Parliament 
and ask what he is doing about the Reports 
of the Royal Commission on the Feeblt*- 
minded, and the Departmental Committot* 
on the law regarding inebriates, and whetliei 
he is prepared to draw attention to the 
shameful and inexcusable delay in acting 
upon those reports, which have the honour 
and misfortune not to come into jiarty 
politics, though involving the ])rinciples 
by which all parties will in the last resort 
be judged. 

Everyone can be a centre and irradiator 
of eugenic opinion, everyone can do some- 
thing to justify a claim to inclusion in tlu‘ 
eugenic jxirty — the party which knows in) 
party and is no “ respecter of persons *’ 
because it is for all, and because it is pre- 
eminently the respecter of persons, honouring 
and seeking to produce fine persons and fine 
personalities everywhere, by every iikmius, 
caring nought for any other consideration. 

The Foundations of Generations Nobler 
and Nobler Yet 

Those who subscribe to the foregoing 
creed, who work for this end and no other, 
whether on a small scale or a great, humble 
in success, courageous in failure, absolutely 
and ineffably Confident always that tlie 
future will witness more than they can 
dream of, content to lay the foundations of 
many generations, nobler and nobler yet, 
and to pass away ere the fruits of their 
handiwork can ri})cn or even the seed i>c 
sown, those who are dedicated to these 
ends, those whose personal- ideal is this 
spirit and this temper, and whose racial 
ideal transcends even their dearest dreams - 
those, faint but pursuing, are th^pcopk 
called Eugenists.' 
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POWER BEYOND OUR DREAMS 

The Marvel of Creation that Grows more 
and more the Deeper we see into it 

THK FOUNDATION-STONES OF THE UNIVERSE 


O UR first survey of the universe was out- 
wards. We transcended the limits of 
our planet, contradicted the impression of 
rontrality and imniohility which it im- 
poses on our minds, and realised the idea 
of the universe as a com])any of worlds, 
suns, and jdanets, of which we cannot even 
say that we are a f^reat part — so far as 
nieasunuTicnt in terms of time and space 
and number is concerned. We did not 
(iiscuss, at that first survey, questions of 
starry distances, the witlth of the Milky 
Way, nor “ the time it w^ould take an 
aeroplane to travel to Sirius.** These 
(piestions of the outward magnitude of the 
universe will come when we try to face the 
problems of time and space ; and mean- 
while wc have gained one great idea from 
our outward ga^e. The universe is a 
company of workls. 

Let no t)ne. however, though he be the 
most i;x]xu’t phrase-maker in tlu^ history of 
letters, suppose that he can encompass 
the universe in any formula, ft is a com- 
j)any of worlds, but it is also many other 
things ; and ])erhai)S the best way in which 
we may arrive quickly at a wider vision — 
or tlie best way in wliich to sujqdement or 
com])lement our broad view by a deep view 
is now to turn inwards. We have swept 
the heavens with the tclescoj)e ; let us peer 
into a drop of water with something far more 
])enetrating than any microscope will ever 
1)0, and let us see whether we can arrive 
anv liiore quickly at the inner than at the 
“liter limit of infinite reality. We shall 
loam that the universe is boundless, not 
only in greatness, but also in smallness — is 
not infinite only, but also infinitesimal. 

Analysis or anatomy, loosening apart 
and cutting apart, may be done by the 
knife or the fingers, up to a point. We may 
invoke lenses to enable us to see detail, 
^ay in the structure of steel or of a snow- 


flake, which the naked eye cannot see. But, 
indeed, our microscopes and ultra-micro- 
scopes take us scarcely any apj)reciable dis- 
tance inwards. If we are really meaning 
to reach the innermost, entirely different 
methods are necessary, compared with 
which the inicroscop.e and the telesco])e 
may almost be called crude ; and these 
metlu)ds involve a process which is subtler 
than sheer seeing, whether it be something 
under our noses or in the remoteness of the 
sky. We are comj)elled to do our se])arating 
and identifying of the minutest things by 
subtle means, and to sec the results by the 
mind’s eye alone. 

The chemist analyses or loosens apart, 
as we may analyse or loosen a])art a jjiece 
of blotting-paper, but he does it with a 
minuteness which transcends vision, and his 
description of results must depend on argu- 
ment and inference. Those who will only 
believe what they can see — though there are, 
of course, no such ])ersons, whatever they 
may fancy, and, if tlierc were, one would 
reply, with the oUl Quakeress, How 
doest thou know thou hast a brain ? ” — 
will answer “ Fudge,*’ wlien tlu‘. chemist 
declares his faith in atoms and molecules 
and electrons, or the j)hysicist his faith in 
the ether ; but we may ignoie such j)t*rsoiis 
here. Only wc must clearly un<lerstand 
what we are about. 

botanist who descrilies the structure 
of a flower is in a ha])pier case than the 
chemist who describees the structure of an 
atom ; and we and he have to nunember 
that we are inferring and interpreting, not 
seeing, and that we may require to make a 
re-interpretation at any moment, which 
will alter, in kalcidoscoj)ic fashion, the 
visio,n which we had formed in our mind’s 
eye. Such a re-interpretation, which goes to 
the very roots of chemistry and alters half 
theestablishecl notions of ordinary thinking. 


THI§ GROUP EMBRACFS THt SCIENCE OF ASTRONOMY OLD AND NEW 
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has hecn made necessary in the course of 
this young century, and has given us 
entirely new ideas of the inwardness of 
things. Radium has been the revealcr, 
but we shall never understand what it has 
revealed until we know how far chemistry 
hafl gone before a new epoch was made by 
this new revelation — so new that Lord 
Kelvin rejected it to the last. 

We shall come later to the chemistry of the 
skies, but it is necessary here to allude to 
that question because of a reasonable and 
important objection which the thoughtful 
student vyiH here interpose. We pro- 
pose to study a drop of water in our study 
of the universe. Rut “ how on earth ” do 
we know that this matter of water is more 
tlian a matter of earth and Mars perhaps, 
which is near the earth ? What riglit have 
we to su])])()se that in studying a drop of 
water we are studying “ universal things ? 
To this tlie brief reply is that chemistry 
finds the heavens and the earth to be made 
of the same stuff. By a sequence of 
wonderful inquiries and inventions, the 
chemists, working in conjunction with 
astronomers, have found that the materials 
\yhicli make up the earth make uj) also the 
heavenly liodies. Scarcely any materials 
wliatever liave yet been found in the sky 
which we do not know on earth. 

The Flower in the Crannied Wall that holds 
the Secret of the Universe 

Even when chemists find a new kind of stuff 
in tlie sun, and call it helium, a few years later 
they find it upon the earth as well, so tliat 
it might just as well be called terrestrium. 

Every ])ossihle mode of inquiry, affording 
copious and varied evidence, assures us 
that in studying a dro]) of water, or any 
otlu*r specimen oi our world, we are studying 
“ universal things.” no less than if we had 
S])ecimens of Sirius, Jupiter, and Halley's 
('oinet undi‘r our fingers. 'fhe notion 
that the study (d familiar daily objects is a 
” parish-punq) ” kind of science, unworthy 
of great minds such as ours ! is on a par 
with the notion of politics which laughs at 
the j)arish jannp, as if water-supj)ly were 
not a matter of life and death to citizens, 
and thendore t*^ a nation. Tennyson de- 
clared that if he could wholly know the 
flower in the crannied wall, he would 
know ” what (lod and man is.” Well, the 
chemist is assured that if he could wholly 
understand a drop of water he would know 
the origin and destiny ol .dl things, jaiid 
hold the key ‘to every happening. 

The drop of water may first be studied 
by the microscope, which will detect dust 


and microbes and other things which are 
not water. If these things be removed, the 
microscope can help us no more, except for 
its clearer demonstration of the forms of 
frozen water — ice, hail, and snow. Thi- 
limit of seeing has been reached. 

Here the chemist comes and tells us that 
the water is still impure, because all manner 
of gases, obtained from the air, are dissolved 
in it. It may look very flat to our eyes, 
but the chemist knows it is still aerated. 
How^cver, perhaps the gases can be removed, 
and now we have, at last, a really }mr(* 
specimen of distilled water —water- that is 
tiierefore gasless to study. 

The Treacherous Element" which is not 
an Element at all 

This ap])ears to be so simple and un- 
changeable a thing that we call it an element 
— ‘‘ th(^ treacherous clement,” " the intTcy 
of the elements” — to this day, as Aristotle 
did more than two thousand years ago. 
The chemist, notwithstanding, proves to 
us that we are wrong, and that water is 
made of two things, not two fluids, as we 
should ex])ect, but tw’o gases, neither of 
them in the least like water. 'I'hese gases, 
oxygen and hydrogen — hydrogen meaning 
watermaker — ^the chemist calls elements, 
and he assures us that water is not an 
element at all, nor even a mere mixture of 
elements, but that it is a sj)ecially con- 
structed compound of the two elements in 
question. These tw'o, however, and many 
others, are really clgments, he d(M:lares. 

All this involves a great deal of dis- 
cussion and experiment, and we are for the 
])resent merely outlining it, on our way t(» 
what is our new and special concern. 

Eighty TKiAgs [combining in a Million Ways 
to make the World 

We observe only that the chemist describes 
and names some eighty difhnent kinds 
of stuff, including oxygen and hydrogen, 
which he calls elements ; and declams that 
the .earth, in all its variety of light and 
heavy, gas, liquid and solid, black and white, 
metal and mineral, even also the bodies of all 
living things, arc made up of tliese elements, 
cither existing unmated with each other, or 
combined in a thousand — say, rather, in a 
million— -ways to form compounds, of wliicli 
water is almost as simple an illustration 
can be. The astronomer declares that tliir- 
view, which chemists first alleged of the* 
earth, is true wherever the telescope and iN 
allies can peer. It follows that we musJ 
j)ush our studies in this inward direction a'^ 
deeply as ever we can ; and if we ga dei'p 
hare, we are also going deep everywhere. 
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If we can obtain a specimen of an element 
by itself- -oxygen, gold, or any other- we 
lind, say the chemists, that it is made 
np of a number of tiny units 'Called atoms. 
All the atoms of any clement are the same, 
and they arc always the same ; while, of 
course, the atoms of any 
element arc different 
from those of any other 
clement. Indeed, the 
reason why gold is gold 
and not iodine is that its 
atoms are gold-atoms, 
ami tliose of iodine are 
iodine-atoms. 

Further, a vast part 
of the power and 
activity of the world, 
and of living things, is 
due to the way in which 
atoms of one element 
will unite with tlicjse of 
another, making eoin- 
|)<)unds like water, or 
iodide of gold, which a drop of wai 
is formed wlieii iodine- As it is seen un 

atoms link iii) with gold-atoms. This power 
or energy is called chemical energy, and it is 
wliiit we obtain in all the ])r()cesses of 
burning, whether fuel in a ])()wer-stati()n 
for electricity, or food in our hearts for 
life. And all this - as we must observe 
now, or we arc ' lost is what hap|)ens 
hctu'ccn the atoms. Not a word of within. 

So lar chemistry had reached ; and this 
is tlie acce])led chemistry of the schools 

and the text- 

hooks to-day, 

|)erle('tly true so 
lar as it got's. 

Ihit the instant 
we. sup])()se it to 
go farther than 
it does go, the 
true becomes 
lalse in onr 
•lands. And 
this, • unfortu- 
nately, is what 
chemists have 
done. Only very 
rare, great men, ^ 
like Mendelecf 

among chemists uiscoverkrs of kadi 
and Herbert 

Spencer among philosophers, declined to 
accept the view that gold-atoms and 
iodine-atoms and oxygen-atoms, and the 
other eiglUy-onc or so kinds of atoms, 
nave always been what they are, were 
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made as they arc, will never be anything 
else, “ the foundation-stones of the mate- 
rial universe, which have existed from the 
creation, unbroken and unworn.” 

To us, to-day, these words, from the 
latter part of the nineteenth century, sound 
as remote as if not 
Scottish but Athenian 
lips had uttered them. 
And it is by the light 
of radium the rt^vcaler 
that we have been en- 
abled to lay the atom 
- that is Jo say, tin? 
nol-cxil upon the dis- 
secting-lahle, and sub- 
ject it to our anatomy, 
its proud name notwith- 
standing. This is an 
achievement of the hrsl 
order in itself, and will 
occupy other pages ol 
this work; here it con- 
cerns us not from tiie 
DROP OF WATKR FROM A POND point of vicW of tllC 
Asit«.c«.und.rthemicr«..o,« chcmist Or tllC Studcilt 

of elect ricit}^ but because it lifts a veil 
hitherto impenetrable, and ushers us 
faster than ever heretofore towards the 
inwardness of things. A space-penetrating 
telcscoj)c, which would dwarf the best 
now existing as that dwarfs Cialileo’s, 
would not extend our ideas of the universe 
to any a|)|)reeial)le extent, comj)ared with 
this revelation of thi‘ heart of the atom. 
That may seem a hard sa\’iug, hut it is 

true. We know 
that there are 
always more 
and more stars, 
farther and far- 
ther away. 
have. accepted 
that idea. Once, 
we have done 
so, however 
much wi! ])ri/e 
biKK':*' tele- 
seo])CS, and Jiow- 
cver much they 
reveal iu us, 
they can never 
reach the limits 

M — M. cuRiR AND UIS vuFK idea, 

which is itseli 
limitless, for it is the idea of an iniinitely 
extended universe. 

But the discovery wliich has enabled us 
to sec deeper than the atom, to ])ierce to 
the inwardness of the universe, not only 
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THIS WONDJ'P OF GKKAT*AND LITTLE THE WORLD THAT LIES BEYOND THIO 

The iinivrr'^e is Kniii'llcss in ^reat :incl in little: heyoml the sinuses tif man lies a vast ness of womler incomprehensible to the hiiin.i ■ 
mind. 'riiis pic:iire .'.hows -i man hKikini; through a lelesfopc .ii the diit of HkIiI just heyond the len.s- all that he can see with lu 
naked eye. 'J'he iiictea.sed pov»t r of the tele.si ope reveals the i:Iti.ster.s heyond ; and the most po\y«c4t^1 lens shows the ^reat cluster i i 
Hercules, so di' i.dit that, while Ii>;ht would rear h earth from Mars m three minutes, the light of iBiese ^ars takes thousands of year. • 
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THE INNERMOST AS TO THE OUTERMOST 



HKACII OF THE TELESCOPE AND BEYOND THE DEPTH OF THE MICROSCOPK 


i Ills picture siinws a man lookincf at the spot near the microscope all that his naked eye can see. The niit ntscope cnlar^'cs it and 
leveals a secoml spot, and a still liii^lier ‘power leveals a little rre.atiire of the sea, a radiolarian, while the sc»;ond spot appears as a 
smear of hloofl. As the power is increased, the radiolarian Rrows in si/e. and wonder, cells of the l»li>i>il appear, .and init rohes i omo 
into view, until the full po\ver of llie micipscopc is reached, revealing .a world of w-onder ecjualled only, pei hap.s, by the wonder still beyond. 
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as we could never do before, but as we did 
not know was to be done — that discovery 
enriches our minds jkvith an idea of the 
universe which is no less precious, and 
no less necessary in our essay towards 
completed truth than the work of Coper- 
nicus and the idea of Bruno. If we doubt 
it, let us proceed. No matter wliosc good 
guidance we follow, no matter what the 
penetration and courage of our minds, 
we shall ere long find ourselves lost, baffled, 
peering into the beyond ; no less tlian ever 
did the straining eyes of the astronomer, 
and with faieless prosi^ect of future triumph. 
The astronomer may always hope for a 
bigger telesco])e, a liner lens, a more 
sensitive camera, but when we have peered 
our deepest into the atom we shall realise 
that our next need is of bigger minds ; 
and in this strait the beneficence of Lick 
and Yerkes aiul Carnegie is of no avail. 

Radium led the way in ])erfeclly straight- 
forward fashion. We have seen tliat power 
and energy, such as light and heat, are 
commonly obtained from combination 
between atoms, as when carbon is burnt 
in oxygen ; find we might have added 
that they must always be obtained from 
somewhere Radium produced light and 
heat, and produced light and heat con- 
tinuously, not to mentkm here its pro- 
duction of many other things. 

The Idea that Radivm caughf up the Force 
of the Air and used it 

Now, the great chemists who first 
discovered radium proveil that it is an 
element. It is made up of radium-atoms, 
as carbon is made up of carbon -atoms. 
But a piece of carbon, left alone, produces 
nothing : we get light and heat only 
when we bum it. Radium, left alone, 
produces an unimaginable quantity of 
energy of various kinds for as long as we 
choose to watch it, and seems none the 
poorer. The problem is like that which 
faced Moses in the Bible story of the 
burning bush, which gave forth light and 
heat, and was not consumed. 

But anything may give forth light and 
heat by simply reflecting them; and 
radium might be doing this in a less direct 
way. The air is always in motion. Its 
atoms fly* about at great speeds in all 
directions, however still it may appear to 
us. Radium might be so made that it 
could take up the force (»f the atoms of 
a,ir which hit it, and turn the force into 
light and heat. This was an oxcelleiit idea, 
ind certainly had to be disposed of before 
ve could believe anything less probable. 
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But it was disposed of. Experiment 
showed that radium went its course, and 
did its deeds at its own pace, without 
reference to any changes in the pressunr 
or temperature or quality of the gases 
to which it was exposed. Its force came 
from within. People suppose, similarly, 
that outside forces, happily arranged, push 
upon people and make them into geniuses. 

Radium, the Genius among the Element^, 
Revealing to us the Atom 

But they do not. The genius gets his 
force frorrt within ; and the difference 
between him and other people is that he 
was born different. Just so arc the atoms 
of radium born different from the atoms 
of carbon ; and just so, as we have lately 
learnt, to the astonishment of every 
chemist in the world, do they get their 
power from within themselves. Radium 
is the genius among the elements ; and 
the best service of its genius is the familiar 
one of throwing light on other and common 
things, making us understand everyday 
atoms as Shakes])eare makes us understand 
everyday people such as ourselves. 

The property of radium, by which it 
produces radiance and other things from 
within itself, is called radio-activity- a 
clumsy name which is to be learnt becan.se 
it is now one of the most important names 
in science. For, indeed, the first fact we 
discover about this radio-activity is that, 
when carefully looked for, it is to be found, 
in greater or less degree, ]iractically every- 
where. We may mgue that this is due 
to minute traces of radium being almost 
everywhere, and that is largely the ex- 
]>laiuition. But the whole explanation 
includes the discovery that the atom of 
radium is not unique in its ])owcrs, though 
unique in their extent. 

The Complex and Powerful Forces locked 
up within nil Atoms 

In a word, atoms are not atoms, but 
are complicated structures — some more so. 
like those of radium ; others less so, like 
those of hydrogen -wliich have been built 
up or constructed by the action of powerful 
forces, and tliosc forces are within nil 
existing atoms now. To some considcrabU- 
extent they can’ be measured, and the 
measurement, provides us with an almost 
incredible result. The forces of The universi' 
known hitherto, such as those produced 
by chemical union between a;toms, thost* 
produced by the action of gravitation, all 
the forces of visible motion of all kinds, 
and of what is called molecular motion - 
the motion of molecules, or groups of atoms, 
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in a gas, or elsewhere — the 
forces, too, produced by 
magnetism, and the force 
of heat and of light, and 
of Oliver forms of “ radiant 
energy,” as it is called; 
all these arc eclipsed, sur- 
passed, ranked as trifling, 
by the discovery of a 
source of energy which 
was wholly unknown until 
the other day. 

The atom, which we 
thought of as played upon 
from without, but itself 
stable, stolid, as we think 
of a grain of sand, is in- 
iUhhI the reservoir of by 
far the greater part of the 
powers of the universe. 
This intra-atomic energy, 
contained within the 
atoms, and not derived 
hy action between them, 
transcends all other known 
forms of energy ])ut to- 
gether; and its sensational 
discovery marks a new 
age in the history of our 
understanding of the 
universe. 

We have thus already 
i)een taught by radium 
a lesson which is not 
u 11 wo r t hy to compare 
with the lessons of 
astronomy, lliougli much 
more is yet to follow, 
Astroiujiny lias taken old 
i<lcas of the world, with 
the eartli as the centre of 
all things, and the heavenly 
I^odies as its attendants 
—which could even be 
arrested in their move- 
ment in order that the 
task of killing all one’s 
enemies after a successful 
battle might be com- 
pleted ! -and has given 
us a new idea of the si^e 
of the universe by teach- 
ing us that ours is one 
of a company of worlds. 
Ihe modern study of 
I'adium, of radio-activity, 
and of intra-atomic 
energy has done no less 
lor our notions of the. 
l^owcr of the universe. 



THE WONDER HEYOND OUR EYES 
The archtlcciure uf a snowHakc 


We have marvelled at 
the force of explosions, 
at the motions of the 
“ flying stars,” at the 
” crash of worlds,” at the 
speed of light, and tlie 
transformations effected 
by heat ; and, now we 
learn that these are no- 
thing compared with forces 
whicli we had never even 
susj)ected to exist. 

Hut, indeed, this is not 
merely a ques^tion of how 
we conceive the universe 
and its resources, though, 
indeed, we do well to 
realise, as few students of 
these new' subjects have 
yet done, the full magni- 
tude and significance for 
our world-view of what 
radium the revealcr ha? 
made j)lain. It is much 
more, however, than a 
new' idea of a universe : 
it is a matter of business, 
of ])ractical politics, of 
bread-and-butter. 

Mankind lives by the 
consumi)tion of power. 
We dig up “ certain black 
stones” from the eartli, 
burn them, and live on 
the power we get from 
them. We ])lant fields 
with corn, which catches 
the power of the sunlight, 
and we live on it. 

And aUvays we want 
more ’ j)ow’er. “ (dieap 
sources of power” are 
ever the need. “ Could 
we not harness the 
tides ?” “ Why not drive 

machinery by. trapping 
sunlight?” “What a 
pity we have so few 
w'aterfalls in this coun- 
try ! ’' And so on. Indeed, 
we feel that if only we 
could get unlimited powei 
for nothing the millcuniuin 
w'ould have come. Our 
traips and trains and 
motors, our mills and 
printing-presses, our heat 
radiators and smelting- 
furnaces, and all the 
rest of our devices for 
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using power, would cost almost nothing, 
and we could go forward to higher standards 
of civilisation, or could hugely increase our 
population, or might even achieve both 
of these ends. 

Radium and radio-activity tell us that 
practically unlimited power, of high in- 
tensity, costing practically nothing, is in 
our hands — in our handsy even if 
they grasp nothing but atoms of air — 
could we only find how to get at it. If 
only we could put a torch to an atom, or 
send an electric spark through it, and get it 
to explode, ^s we send a spark through the 
source of power — a mixture of air and 
petrol — in our motor engines, we need none 
of us do any more work worth mentioning 
to the end of our days, or might confidently 
set ourselves to do things so stupendous 
that man has never yet dreamed of them. 

Already radium lias been harnessed, by 
the Hon. R. J. Strutt, Lord Rayleigh’s son 
and heir, in siicli a fashion as to drive a 
clock ; and if the materials of the clock 
would endure, the radium would drive it 
for thousands of years. But radium is 
exceedingly scarce and expensive, and it 
differs from clay or sand or air or any cheap 
kind of matter in that its atoms are always 
exploding on their own account. 

Who will look at Coal whea Mea ualock 
the AtomT 

When we try to hasten or retard them, we 
fail ; and when we try to hasten the rate of 
atomic explosion in other substances whose 
rate is exceedingly slow, we find that we 
fail also. All the power we need is there, 
and far more, but it is locked up in the 
safe of the atom, and no one yet knowtf 
the combination, and no one has yet forged 
the key which will turn the lock. 

In the physical laboratories of the 
civilised wt)rld at the present time, from 
the most justly famous of them all, which is 
the Cavendish Laboratory at Cambridge, 
down tt) the humble rooms of ])rivate 
students, men are working devotedly at 
the solution of this one problem — ^liow to 
tap the resources of the atom. The solution 
will come some day ; it may be this year ; 
it can scarcely be delayed for more than a 
century ; and when it comes it will utterly 
transform .all human economics and all 
present adjustments and balances betw^ecn 
industry and industry. When it comes, 
for instance, who but the curator, of a 
geological museum would look at coal lor 
any purpose ? 

Such is the revelation and such the 
prophecy of radium, so far as the energy of 
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the universe is concerned, but energy will 
not be lacking from these chapters till tlu^ 
tale of them is complete, and here our im- 
mediate concern is less with the energy whicl' 
holds together the atom of radium — or any 
other kind of atom— than with the miniilr 
structure which is now revealed. 

Like a Full-stop from this Page flying about 
in St. Paul's Cathedral 

The atom has parts, even sepa ab 
parts; it has an architecture, like St. Paul's 
Cathedral. It has been estimated that 
the size of its constituent parts, compared 
with the size of the atomic building itself, 
is like the size of a printer’s full-stoj) 
flying about in JSt. Paul’s. So that an 
atom, we must observe, is really a dynamic 
building, and its constituent parts, so far 
from being laid in their places, never to 
move therefrom, arc in active motion 
all the time. 

But we are passing into the inwardness 
of things with little appreciation of the 
length of our journey. Lord Kelvin esti- 
mated that if we could magnify a drop of 
water to the size of the earth, its con- 
stituent atoms would be of a size some- 
where between that of small shot and 
cricket-balls. We must seriously try to 
imagine the number of marbles, say, in a 
sphere as big as the earth ; and then we 
may feebly conceive of the minuteness of 
the atoms that compose a drop of water. 
When we have accomplished this impos- 
sible feat, we may think that w’e have done 
well, and, indeed, when Lord Kelvin made 
his comparison, he was seeking to show 
how minute w^ere the minutest of all things, 
those atomic ultimates beyond which we 
could not go. But the twentieth century 
places any one of these inconceivably 
minute ultimates — so-called before its 
mind’s eye, and asks us to regard it as itself 
a relatively huge structure, composed of 
more ultimate ultimatt^s, which bear to 
it the proportion of a ])in’s head to 
St. Paul’s Cathedral. It is evidently 
farther to the innermost than we supposed. 

A Solar System of Wonder packed into each 
tiny Atom 

And, indeed, a recent comparison, which 
is probably much more than a mere com- 
parison, and expresses something like the 
facts of the atom, helps us to see the justice 
of the view that our inward journey into 
things is just as far as our outward journey 
was. There is good reason to compare 
an atom not to St. Paul’s Cathedral 
merely, but to such a structure as tht‘ 
solar system, with its central sun and its 
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.Lttenclant planets ever flying thereabout, 
kept in their places by a force of attraction 
wliicli runs between each of them and the 
These planets are, of course, very tiny 
('oinpared with the distances between 
tliemselves. 

The earth, a few thousand miles across, 
is scores of millions of miles from its 
nearest planetary neighbour ; and if we 
go farther outwards from the sun we find 
that the distances between planets run into 
Inindreds of millions of miles. The mean 
distance of Uranus from the sun is 1780 
millions of miles, and its outer neighbour, 
Ni;[)tnne, is a thousand millions beyond it. 

And now tlie chemists and the physicists 
tell us that ill 
lh(‘ atomic system 
(lie jdanets, so 
to call them, are 
r e 1 a t i V 1 y as 
far ajiart from 
each other as the 
planets of the 
solar system. Our 
journey, therefore, 
to the central sun 
<)\ the atom— 'if 
such, as is pro- 
bable, there be — is 
no mean feat, since 
we begin outside 
till* atom alto- 
gether. It is like 
the journey of a 
'omet which 
enters the solar 
s y s t e III a 11 d 
travels all the 
(list a nee fnuii 
Neptune to the 
sun before its 
work is (lone. 

Our work is not 
done. We have 



AN IMAGINAKY lUCTURE OF AN ATOM 
No luiij'cr is it helievtui that the atom is the foundation-stone of the material 
universe, unbroken ami unworn from the ( ’reaiion ; for we know now that 
the atom has within it an uncountahic host of smaller structures, Hyiii>; 
aliDiil within it for a^es, with such potentiality of power that it is said that, 
if We could only unlock it, the atom could do all the work of the w«jrld. 
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entered the atom 
]h)ld and comet ary style, and found it 
'spacious and marvellous. As we approach 
tlie atomic sun our rate of progress quiekens, 
a coinpt’s would, but we liave not 
i«‘aclied it yet. Indeed, we are much 
pn()ccu])ied with the bodies we meet on 
our Way- as a comet may become pre- 
occupied with Jupiter's attraction, and 
lu ver reach the sun at all. These bodies we 
meet qn the way have such amazing pro- 
perties, so utterly out of proportion to their 
buy size, and are yet so elusive and in- 
''Uhstantial when we try to gras]) them in 
I he mind's hand, that they may well occupy 
tor years to come. 


These real atoms within the atom, of 
which much more must be said in these 
pages, are called electrons. They move in 
their orbits inside the atom with amazing 
speed, compared with which the speed of a 
flying star is almost nothing. These move 
at the rate of scores of thousands of miles in 
a single second. They each carry a charge of 
what is called negative electricity, and i^ is 
probable that, while each repels all the rest — 
which is just the opposite of what happens 
among the planets of the solar system — 
they are held together by common attrac-' 
tion to a centre of some kind, vjiich has a. 
charge of positive electricity. When tliis bond 
partly or wholly breaks the electrons are 
released, as when 
radium atoms 
explode, and the 
atom breaks into 
smaller ])ieees. 
Tlie energy within 
the atom is there- 
fore electrical, be- 
longing to the same 
order as the elec- 
trical energy that 
we know, hut its 
total amount beg- 
gars our imagining. 

When we examine 
these electrons we 
find that their at- 
tributes are all im- 
material. Tlieyare 
not gross, palpable, 
substantial things 
at all. They are 
atoms of electri- 
city, and electricity ’ 
is not a material 
thing. So far as 
the evidence at 
jiresent goes, it 
would seem that the atoms of matter 
are themselves made of electricity, and 
electricity is a form of energy. Pierce we 
ever so far in our inward journey, wi* 
encounter the infinite. Solid forms melt 
at our touch, the material becomes im- 
material, matter becomes energy, and 
though atoms are formed, and “ live " 
a while, and then “ die,” energy remains. 
The things which are seen are temporal, 
and the things which are not seen are 
eternal. Whether outwards or inwards, 
we encounter evidence of an “ Infinite 
and Eternal Energy from which all things 
proceed " — ^the vesture and the deeds of 
what we can only call Deity. 

lU 



RAIN THAT FELL BEFORE .HISTORY 






RAINDROPS PKINTT:D ON SANDSIONK MILIIONS OF YJiARS AGO THE LOWER ONES NATURAL 

"I'heso two photographs sh<;\\ the marks of rain that fell in days before history began. The raindrops 
imprinled themselves clearly on sun-dried ilais of mud by the sea, and on the return of ihe tide the im- 
pressions \\ ei e covered by sediment, which preserved them, sealing them im in the slowly forming ru« k- 
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ALL THE WORLD ON FIRE 

The Crust of the Earth — How Hard We Know it is. 

How Thick We Guess it is, and How Old We Think it is 

HOW LONG HAS THL EARTH BEEN SPINNING? 


earth, as wc know, was at one time 
1 a hot molten mass. It is easy to picture 
the world in its |nesent solid state, but it is 
(lillicult to ima^dne it a globe of surging, 
sivthing, molten metal. 

At tirst there would l.)e no crust. At 
first the whole surface of the world would be 
sea. And what a sea ! Not a sea of blue 
water with a fringe of surf rolling in upon 
yellow sands, not a sea bearing white- 
winged ships on its bosom, but a seething 
storm of boiling, steaming lavas, pounded 
into nionstrons wavc*s by tempests of 
|)ond(‘rous metallic vapours, whipped into 
fiery foam by the knout of iron sleet, 
scoiirgecl and scarred by the lash of the 
masses like stars. 

Heavy would be this primeval sea, and 
tluMc would be no moon to move it, but 
the sun would tlrag and chum it, and the 
atmosphere— which then must have exerted 
-Ji pressure of 5000 pounds to the S([uare inch, 
instead of sixteen pounds to thestpiare inch 
as now —would plough and furrow it. 'riicre 
woiiltl be cunents between the poles and 
till' e(pialt)r, for the cooler metal at the 
poles would sink, and warmer molten metal 
lit >111 tlu^ e(iuator would flow in. No doubt 
cyclones and anticyclones would also arise, 
and drive before them the molten mass. 

Ov(‘r this weird wild sea unbroken night 
would reign, for the sun would be hidclen 
hy the heavy metallic vapours, and the 
only light would be the flashlight of the 
^^hotding stars, the glow of the iiery waves, 
•nitl the flicker of the terrible primeval 
lightning. The rumble of the thunder, the 
thud of the ponderous billows, the splutter 
of the molten hail, the roar of the metallic 
tempests, the sizzle of the falling stars, 
^yjuld create a perfect pandemonium, 
‘^nch a Hades heat can make ! 

but heat is ephemeral ; every liot body 
cools, whether it be a* hot potato, or 


an incandescent fire-mist, or a glowing 
world. Age after age, heat radiated into 
space, anti as it radiated away the great 
earth-cauldron ceased to boil, and began to 
simmer. Cool currents fell, hot currents 
rose in the bubbling mass, and by-and-by, 
even as rough ice. forms on a freezing lake 
on a windy day, so a wiiul-roughened 
crust bi‘gan to form on the surface of tiu! 
molten, steaming sea. 

At this time almost all the water now in 
the sea would be in the atmosphere. A 
shell of water about two miles high would 
be S])read tlirough the air, and would 
c.xercisc a tremendous pressure on the 
surface of the globe a pressure equal to 
solid rock 4000 fe(‘t thick. Accordingly, 
since pressure assists the consolidation of 
molten masses, the crust would begin to 
solidify at a very high temperature, pro- 
bably a good deal over 20()o degrets bahren- 
lu'it. Under such pn'ssure, and beneath such 
a blanket of hot, damp air, cooling would 
proceed very slowly ; but as the crust 
cooled it would contract, and the con- 
traction again wouhl cause strain. And 
the crust would be exposed to other strains. 

It would be tugged' by the sun and moon 
— supposing that the moon had come into 
existence then— and batteretl by the heavy 
atmosphere, and underneath it tlie hot li(piid 
tides would surge and heave. Under such 
strain the crust wf)uld crumple and rumble, 
and quiver and boom, and finally there 
would be an earthquake and a volcanic 
eruption, and th('. crust would crack aiul 
cra.shlike broken ice on a river in a thaw, its 
fragments floating on the steaming sea 
beneath. Again and again, no doubt, the 
crust would form ; again and again it 
would crack. It would be a time of earth- 
quakes and volcanoes, of “glutted hell 
disgorging fiery S})ume.” Hut by degrees 
the crust would grow' stronger and stremger, 
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ami ultimately it would l>e strong enoueh 
to ('iidure the strain ol contraction. Then 
liic eaith woulil show an iiTegular '■iirface 
roughened and indcntc.i by the marks of 
many scars and of many badly set fractures 
As the cooling still continued, the water 
in the atmosphere would condense, and hot 
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rams would deluge the world. As i1k' 
world would then be much hotter than liu' 
rain, the rain would hiss as it fell, :nitl 
would evaj)orate rajudly. l3ut the rapid 
evaporation would hasten cooling, and in 
time j)ermanent pools would form. W'liat 
a momentous event the first little piuMlc 
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IIOLK FIVJ-: MILi:S J^Klvr AND 3^0 VAKDS WIDK. FOR STUDYING Tllli INSIDK OJ«' TIIK KARTII 


" ’ Iinl \vnul,l lost millions of lUDiicy, but M. Fl.imiruirion sukk^’S'Is that it would bu ascicnlifu: woik up>n whii:li partsof the; stand in.; annus 
‘i lii.: woild ini.;ht wi-ll lie cn.t;a.i;cd. Tlieso pictun-s convey an artist’s impression of the seem; whih* the work is fioiiv.; on as M. Maiiu 
" "i.iii iiiKij^ines ii, showing the eiioriiioiis cianesand “ srab-biukets " which wtnild run down into the earth tubrin>> up the biokeii nuks. 

Who could have foreseen in it the however, we come to the question of what 
• nii^hty oceans of the world ? is below the crust we reach mon^ debalablt* 

riiat the earth has now a solid and stable ground, and fmtl much difference of opinion. 

‘ Hist is self-evident. Sometimes it yawns Indeed, it is almost impossiblt^ to decitle 
‘•nd swallows an island; sometimes it whether the central mass (d‘ the earth is 

^lindders and shakes down a eity, but, as molten or solid. Let us k)ok at some of 

uile, it is certainly ierra firmu. When, tJie facts concerning this (luestion. 
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Wlicn we examine the temperature of 
tlie crust of' the earth, we find that down to 
the depth of a hundred feet it varies 
according to the amount of heat it 
receives from the sun, and that at a depth 
of a hundred feet, just beyond the reach of 
solar heat, it retains a constant temperature 
of 52 degrees Fahrenheit. So far there is 
no suggestion of a hot 
interior. But when we 
penetrate deeper tlian 
a hundred feel w^e find 
that the temperature 
of the crust rises. Tlic 
rate of the rise 
depends, to some 
• extent, on thi^ eon- 
ductivitv and chemical j 
character of the rock, 
but, in geiuM'al, l)orings 
si low a nioro or less 
regular increase of 
tern pin'at lire with 
increase of dcjifh. 

Of course, men have 
never bored far. One 
of tlu^ deepest bore- 
holes ever made was an amazing kfi 


made by ii 
e n g i n e e r 


AN AMAZING KFFKCT OF PRKSSUKK 


of one degree for every 50 to 60 fci t 
descent into the crust of the earth. 

Between our feet and hot rock, tluii, 
is only a comparatively thin film of c(;nl 
crust. Peel only two miles of rock «>fi 
the surface of the world — a layer less in 
proportion to the mass of the world tlum 
its skin to the mass ol an apple — and \v«.* 
should all be grilled. 
This is a remarkahlf 
fart, but facts still 
more remarkable 
follow. If the tem- 
perature of -the r()( k 
thus increases, tin- 
heat must be fiowine 
from still ‘hotter rock 
deeper down, and we 
may conclude that 
even at greater dej)tlis 
the heat continues to 
rise, though perhaps 
not so fast as in the 
ujiper layers. We arc 
constrained, therefoiT. 
to l:elieve that tin 
earth is still intensely 
cT OF PRicssukK liot ill its intci'ior — hot 


(.jOl’mail So jjrrnt is the ]»rcsMtrc of the e.'irih th.'it rlny irx>D miles deej) CllOUgll at tlfty mill'S 


Captain 


imist he a.s he-ivy as iron, ami ten miles down the pressure ecina): 
the force of the eApIosion in a iio-ton Run. 'I'his picture show 


HuV^i^Cll wdio drilled ** piece of soft moss i>cnctratcd into steel under the piessiiie 

y ' * - .. .if u cartiidKe having heen fired immediately al>ove it. 






miles down the pressure equals i x £ £ 

-ton Alin. I his picture shows ^ iii. i 

•d into steel under the pi e ssiiie VOlatillSC tllC lllOSt H'- 
f t , ,, oi Aun-iire, a caruioAc iiaviiiA oeen fired immediately ahoi'e it. /• . 1 i\ 

a hole no less than > fraetory rocks. Deepet 

one mile and T17 yanls deej) — a hole, that still, the neat must becoiiK' tf'rrilh;. 

is to say, twelve hundred feet de'eper than We may assume, then, that the eaitl. 

the height of Hen Nevis. A still deejier , still hoards in its interior a huge store of 
hole was bored in llpinu' Silesia, measuring the tremendmis nebular heat with whicli 

yartls. That sounds like a deej) h(de, it is believed to have started. Strangely 

but it is really only a pin-prick in the enough, however, even assuming this, we 

(‘arth’s skin, for it is nearly four thousand cannot venturis to assert that the core of 

mil(*s from the surface to the centre of the the world is molten. Pn^ssure teinl^ 

earth. to solidify, aiifl 

Hnys- HjiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiH £1^^^ 

the earth 

search enormous 

(ft coal, but he sure. Not only 

sulheient is 

scientific curi- as a vice, 

to the the 

heat at different of the cooling 

depths, and he harper than steel Piyer, 

friimrl flinf fiir lines represenl vil, rations through the earth and through steel. A tremor roill- 

lOllllLl lilitL lyi p.'isses through the earth the distance of the bottom line in the same time as a OLlL JL j:^ i' 
each sixty - six tinnoi pass, through steel the shorter distance at the tup. As vibration-, move pT6SSed nioU* 
fppf of fbUrent - ‘luh kly in rigid bodies, this proves th.at the earth is more rigid than steel. \ . morC U1 k1‘‘1' 


HOW WE KNOW THE EARTH IS HARPER THAN STEEL m- f O laVCl, 

These lines represent vibrations through the earth and through steel. A tremor K|| 4 . i£- COlll' 

p.asses through the earth the distance of the bottom line in the SiTine pine as a Pm* 


fG#;t of descent - 

below tlte level of solar heating — ^tho tem- 
perature increased one degree Fahrenheit — 
that is, at the rate of 80 degrees Fahrenheit 
per mile. Stuiie other ovpei intents have 
shown that there are many exceptions 
to this rule, but it is generally established 
that the tcmpcratuie increases at the rate 


that the earth is more ngui than steel. 

and more iiiult i 
the load of superincumbent rock. So 
great is the pressure in the interior lliiil 
clay at a thousand miles depth must W 
as heavy and dense as iron. Ten loot 
of rock means a pressure of fifteen pouiub 
on the square inch; a mile means thuT 
tons a square inch ; while ten miles inem^i 



\ SCIENTISTS PLAN TO PIERCE THE EARTH 



IMAGINARY PICTURE OF THE HORING OK THE FIVE-MILE DEPTH SUGGESTJ-.L) BN‘ M. FLAMMARION, 
THE FAMOUS ASTRONOMER, FOR STUDYING THE INSIDE OF THE EARTH. 
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a pressure of thirty Ions a square inch — 
a pressure nearly equal to the pressure 
inside a loo-ton gun when the cordite is 
exploded. Deep in the interior of the earth 
the j^rcssure must be many thousands of tons. 

So that, though the heat in the heart 
of the enrtli is sufficient to melt or reduce to 
a vapour the most refractory rocks, we have 
no right to assume that the rocks are actually 
melted or vapourised, for pressure so pro- 
digious may alter or counteract the effects 
of the heat. We have to decide, not 
whether the heat is suflicient to melt or 
vaporise jocks under laboratory conditions, 
but whether the heat can melt or vaporise 
rocks under such conditions of very extra- 
ordinary jiressure as 'exist in the earth. 

We know that pressure affects the melt- 
ing-point of substances ; we know that, 
under abnormal conditions of tempera tuic 
and pressure, matter begins to react in 
abnormal ways. Potassium under ordinary 
t(*inperatures rushes about on the surface 
oi the water, tearing oxygen from the 
water moh'ciiles, and setting itself on fire; 
blit, as Professor Dewar has shown, “ a berg 
of silvery ])olassium might float for ever 
untarnisiied on an ocean of liquid oxygen.*' 

Th£ TttAnic Forces that Fight for Mastery 
Inside the Earth 

When we exhaust a Crookes tube the 
attenuated matter left behind acts in quite 
new ways. Under great [iressure steel may 
be made to flow like butter, and granite 
pe])bles are found flattened like pancakes,* 
yet r(‘taining their crystalline structure. 

Novel eoiiditions, therefore, alter the 
eustomarv behaviour of matter, and here, 
in the earth's heart, we have most novel 
and abuoriiuil conditions. We liav^e two 
titanic antagonistic forces fighting for 
mastery we ha\’e prodigious pressure tend- 
ing to keep the rocks solid ; we have terrific 
heat tiMuling to melt and vaporise them. 
Which force, down in the obscure depths, 
gains the victory ? We cannot say. It is 
true that the ineieaso in jiressurc is not so 
great proj'jortionately as the inercasc in 
heat, but that is not suflieieiit to decide 
tiu* (jiiestioii ; and, so far as the facts of heat 
and pn'ssiire go, the centre of the earth 
may be either solid in* liquid or gaseous : it 
may even consist ot electrons — inlinitesimal 
partkdes which behave neither as solid, nor 
liquid, nor gas. 

Consideration of Uk facts of boat and 
pressure cannot, then, decide the question 
ot the condition of ti;e. earth’s centre. 
Nor arc other considerations conclusive. 
We find some facts suggesting solidity. 
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It is certain that the earth behaves a> a 
solid rigid body ; it is certain that tin* 
crust must be as rigid as steel, for othf r- 
wise it would yield to the attraction of 
the moon, and show tidal waves. Arguiiijr 
from this fact, some maintain that tlmv 
must be solid crust reaching at least a 
thousand miles down in the earth. 

The Three Theories as to what the Inside of 
the Earth is Like 

• Again, the vibrations that are caused 
by earthquakes are transmitted as waxes 
both round the superficial crust of (in* 
earth and through its substance? and it is 
known that the vibrations travel throiigli 
the earth at the rate of ten miles a second. 
Hut ten miles a second is 'faster than 
vibrations travel through steid, and Unit 
proves that the interiol' of the earth is 
more rigid than steel. Yet, again, nuitlie- 
iiiaticians have shown that the preccssinn 
of tlie earth’s axis indicates solidity. Tlit* 
/^recession is due to the attraction of tin- 
sun and moon on Ihc earth’s cijualorial 
bulge, and mathematical reasoning proviN 
that this attraction would j)robably stag}.j(i 
the earth still more if it had a liquid ceiitu*. 

On the other Jiand, it is quite possihk 
that liquid under great pressure iniglii 
behave like a rigid solid, and the geologii al 
phenomena of t‘,arth(juakes and volcanoi^ 
seem to indicate a thin crust. Some main- 
tain that there is a thin crust, a solid 
nucleus, and an inteniu‘diate liquid layer. 

Altogether the question is quite un- 
decided ; and we may liold with Mr. 
Hcniiessy that the crust is (uily twenty 
miles thick, or with Professor Huxley th;-! 
it is about a thousand miles thick, or \\r 
may follow Lord Kelvin, who thoiiglil Uu 
earth to be quite solid. 

Is the Nebula from which the Earth Evolved 
still giving out Heat Inside the Earth ? 

Whatever the result of the heat nia\ I'l 
on the solidity of the earlli, it is ei'ilain 
at least that the earth is a great resei\<'ii 
of heat, and this fael in itself goes 
to confirm the theory of the earth’s o.i.i^in 
from nebiiljc. For if the heat be n"i 
derived from an incandescent nebula. In'" 
arc we to account for it ? 

It is true that the earth once rot.ilfd 
four times faster than it rotates now, 
its retarded motion implies friction- ^ncli 
friction as is manifested iii the tides mul 
that friction develops Iicat just as certciiiily 
in a plaiiet as it docs in a grindstone. 
less than about fillei'n-sixteeiiths of tk 
revolutionary energy of (he earth has 
thus converted into heat. But heat so jiio* 
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(lucecl would be found chiefly in the super- 
ficial layers of the earth, whereas tlie heat of 
the earth is focussed in its centre. No doubt 
Irictional heat augmented and augments 
the native heat of the eartli, but in all 
probability the main source of the earth's 
heat was the energy of the nebula, though 
this has probably been re-in forced by the 
heat produced by radio-active substances. 

When we come to consider the earth’s 
age, we derive many hints from its heat. 

The Heat which would Melt a Shell of Ice 
Covering the Surface of the Earth 

The earth is still hot. but — if we neglect 
lor the moment the matter of radio-active 
substances it is cooler than it used to be, 
and by estimating its rate of cooling and 
llie degree to which it has now cooled it is 
|)()ssible to get some idea of its age. 

As rock and air are botli bad conductors, 
llierateof cooling is comparatively slow, lint 
still cooling goes steadily on ; and Professor 
|. D. Kverett estimates that the amount 
t)\ heat leaking away from the earth every 
year would suflice to melt a shell of ice an 
incli thick cjver the whole surface of the 
f^l()l)e. Of course, at varying epochs various 
circiimstanctis, such as ict; on the land and 
carl)()nic acid in tlie air, must have affected 
lli(* radiation of lieat . but still it must have 
leakeil away ccnitury after century, and it is 
j)orsil)le to (a leu late in a giMuu'al way the 
rate of leakage. 

The original heat -energy of tlie nebula wc 
cannot guess, but as consolidation of the 
earth’s crust probably took place at a 
tein|)erat\ire of about 2000 degrees Fahren- 
heit, it is ])ossible roughly to estimate the 
tiiiK' that must hav(‘ elapsed since then. 
From a calculation of this kind. Lord Kelvin 
came to the conclusion that the crust of the 
earth can be only twenty to forty million 
y(*ars f)ld, ami more likely twenty than 
lorty, and he corroborated his figures by an 
estimate of the age of the sun. 

The Time it would take to Freeze a White-hot 
Globe as big as the Sun 

I'he earth is certainly not older than the 
5^iin ; and the sun cannot have gone on 
hla;5ing as it does for more than* a certain 
number of years, it, too, must be cooling. 
A globe of white-hot iron as large as the 
sun would cool to freezing-point in 48 years ; 
a globe of coal as large as the sun would be 
burnt out in less than 3000 years ; the rain 
of meteorites which is supposed to stoke 
the sun cannot have much fuel value, and 
until Helmholtz suggested that contraction 
was the main source of its heat the sun could 
be given only a short life. Helmholtz gave 


the sun longer life by proving that an 
annual contraction of sixteen inches would 
suffice to prpduce the solar heat, ibit even 
if we admit contraction, and suppose that 
the sun has contracted from an infinite 
nebula, we cannot give more than four 
or five hundred million years’ life to the 
sun ; and Lord Kelvin concludes that it is, 
“ on the whole, most probable that the sun 
has not illuminated the earth for one hundred 
million years, and almost certain that he 
has not done so for five hundred million.” 
Professor Tait is more niggardly still, and 
will not admit that the earth hits had more 
than twenty million years of sunlight. 

Estimates varying from twenty to five 
hundred million years are obviously rough, 
and other plans have been taken to get 
more exact figures of the earth's age. 
('ertain inferences have been drawn from 
the tidal retardation ol the earth. We know 
that formerly the earth revolved more 
rapidly, and that a thousaml million years 
ago it must havi' revolved twice as fast. 

Has the Eattb been Spinning for a Hundred 
Million Years ? 

Now, if thi‘ 1‘ai th had consolidated whr*n 
..spinning at sucli a rale, it would have 
been flatter at the ])()les and niori; bulging at 
the ecpiator than is the casi\ So, from a 
cfinsitleration of the ainount of flattening 
and bulging, we can estiinalti thi‘ rate of its 
spinning at the time of consolidation, and 
from this rate we can fix the date ol its 
consolidation. Working on these liiu‘s, 
most inatheinaticians flx the date at not 
more than a hundred million yi‘ars ago. J^ut 
this reasoning is not fpiite sound, since, even 
if the earth liad lu'en more flattened at the 
time of its consolidation, it wcnikl not have 
been (jiiite rigid at . first, and might after- 
wards have altered its shape to suit the 
diminishing rate of its revolution. 

The age of tlie eartli lias also been 
calculated on geological grounds, by estiinat- 
ing the probable time required for geologic al 
processes, such as the accumulation of the 
sediments produced by rain and streams. 
We can discover the rate at which land is 
worn aw’ay at present ; and as we find great 
layers of so-called sedimentary rock made 
from w’car-and-tear deposits, and as w'c know 
the thickness of the layers wc can estimate 
the length of time the deposit ion has required. 

The total thickness of the sedimentary 
deposits is about fifty miles. That is a 
tremendous heap of sediment, more than 
fifty times the height of Ben Nevis, and 
'about ten times the depth of the deepest 
sea. Now, it has been estimated that 
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WHAT THE EARTH WAS THOUGHT TO B1-: 



Long ago, in the early ages of the world, the minds of men reached out into strange places in 
searching for an explanation of the earth. The Hindus thought the earth was borne by hiij'' 




WHAT Vi^E KNOW THE EARTH TO BE 


Ik . • » 



■Jcphants Standing: on a tortoise swimming: in a sea of milk; the Chaldeans ih<>iig:Mt it an eiiclosccl 
hamber surrounded by water ; and even the wise Greeks thought it a disc floating in a sea. 
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sediment is deposited on the average at the 
rate of a foot a century, and on such 
an estimate the earth would be about 
twenty-six million years old. 

Jhit there are many difficulties in the 
way ot getting reliable results from this 
method. We iind that sediment deposits 
at very different rates, and that it is 
difficult, also, to estimate the thickness of 
layers of sediment. It is also known that 
many layers of sediment have been washed 
away by the action of the elements. Ac- 
( ordingly, by t his method different geologists 
have attained very different results, varying 
from twenty million to a hundred million. 

How Long have the Rivers Carried Salt into 
the Sea ? 

An interesting attempt has been made to 
estimate the earth’s age by calculating the 
amount of salt in the sea. The sea, having 
been formed by condensation, was originally 
jMire distilled water. Now the sea contains 
144 billion tons of salt - -enough salt to 
cover the wlioU; dry land to the depth of 
400 feet. The question is just how long 
the salt took to collect. Every year the 
rivers discharge into the ocean f)524 cubic 
miles of water ; and Proftissor Joly’s analysis 
of the water ot nineteen great rivers, dis- 
charging 488 cubic miles ot water, showed 
an average of 573 salt per million. That 
means that the rivers discharge about 
i()0 million tons of salt into the sea every 
year, and at that rate it would require 
()o millio]! years to accumulate all the salt 
now in the sea, and we might set that down 
as the age of the earth. The data, how- 
t'ver, is clearly not quite certain. 

By making a similar calculation of the 
total amount of sediment running into the 
sea annually, as compared with the total 
thickness of the sedimentary rocks, the 
geological age has been computed as eighty 
million years. We find, accordingly, that 
geological and mathematical methods have 
succeeded in calculating the age of the earth 
only very roughl}^ ami that results varying 
between twenty million and 140 million 
years have been obtained. 

The Millions of Years that Life may have 
Needed for Making Men and Women 

But even an age of 140 million years 
has not satisfied the biologists, and they 
have demanded many million years more, 
in order to allow for the evolution of living 
beings. Of late the discovery of radio-active 
substances, such as uranium and radium, 
has cast new light on the problem, a^nd 
has rendered it possible to add millions to 
the possible years of the earth. Radio- 
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active substances are substances which 
contain atoms in the act of breaking up. 
and this breaking up of atoms generates 
heat. Now, the earth’s crust has been 
found to contain radio-active substances 
in such (juantities that even if they extern! 
only ninety miles down they would sufficn 
to su})ply all the heat that leaks awa\ 
from the surface of the earth. It has 
been found, too, that great heat and gn»at 
pressure do not affect radio-activity, ami 
that i*adi()-activc substances continue to 
produce heat even at high temperatures. 
Radium is almost certainly jrreserTt in the 
sun as well as in the earth ; and it has been 
calculated that about 3^- grams in each 
cubic yard of the sun would be enough to 
supply its heat for thousands of years. 

This wonderful discovery of self- heating.; 
substances evidently affects all calculations 
of the earth’s age from the tacts previonsK 
cfrnsidered, for if one source of the earth’s 
heat be the heat now i)r()duced by radio- 
active substances, and if there be more 
than enougli heat produced in this way to 
com]H'nsat(‘ for leakage, the w'hole |)r()bleni 
is widened, and the earth has certainly 
lived for many more years than the calcu- 
lations of the niathematicians gave it. 

The Fiery Furnece of the Earth that may bs 
Creeping up to the Surface 

Not only does it become impossible to 
estimate the earth’s age from the ])resent 
bunperature of its crust, but it is even tpiile 
•possible that the earth is no longer cooling 
down at all. Though it may have been losing 
its heat, yet if there be radio-active sub- 
stances in the earth’s crust and core, then 
heat is probably accumulating in tlic decpi i 
layers of the earth, and may ultiinalel\ 
reach its surface and reheat its crust. 

It may be asked why the heat in tlu* 
centre of the earth docs not reach the 
surface ?it once ; but if we consider tlie 
distance the heat has to penetrate with 
the. fact that rock is a bad conductor, the 
reason is plain. Lord Kelvin showed that 
if the rocks in the earth’s interior were as 
bad conductors as the surface rocks, the 
earth’s core would retain almost all its 
original heat for a thousand million years : 
and in the same way the central layers ma\' 
grow intensely hot, while the surface 
remains cool, and even grows cooler. 

Altogether, the results obtained from 
these new calculations have led to a bcliel 
that the earth is much older than tlie 
twenty or forty million years allowed h\ 
Lord Kelvin, and have given the biologists 
many more millions of years for the workiui^ 




now 1.0NG HAS THE SUN BEEN SHINING ? 

‘''■anh iHuinincd ihc earth fora Imndred .nillion. years, and Professor Tail thinks the 

has had not more than twenty .n.lhon years of .sunlight. Other cslinmtrs give the sun a past of five hmi.lred 


out of their evolutionary processes. But 
'V(' cannot say that tlie age of the 
<‘«uth has been definitely decided, and 
we must take the figures with a good deal 
uf caution. 

What amount of heat is being generated 
\\ 1 adio-activity in the centre of the earth 

tV 4 1 not improbable 

nat heat is accumulating in the core, and 
3, hundred million years or so the 
again a molten mass. 

Kadiuni suggests a new source of heat 
both sun and earth ; it allows us to 
^nggest a much longer past, for both, and 
a much hotter f ul ure ; and it also suggests 


that there is a smouldering fire in the 
heart of the world Which will eventually 
consume it. According to this new view of 
things, if radio-activity exceeds a certain 
the earth will become a furnace ; 
and if it fails the earth will gradually become 
ice-cold, with liquid air lying on tlie frozen 
seas. It is strange to think that this mighty 
globe should be at the mercy of a few decay- 
ing atoms, but so, in the light of our new 
knowledge, it would seem to be. What an 
instance of the power of the infinitely 
little over the infinitely great — “ the un- 
ending flow of energy from unstable 
atoms wrecking the stability of a world ” ! 
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PASTEUR AND THE WORLD’S GREAT RIDDLE 



The possibility of the production of life from not-living things was keenly debated by the scientists or 
the last generation, and Pasteur made up his mind against this possibility after a long series of expei i 
nients, which showed that, with all the known materials ready in the test-tubes, no life could be produced 

f I'his photograph is the copyrighi of M«ssrs. Braun, Clement & Co. 
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CAN MEN CREATE LIFE? 

The Power which in its Simplest Form 
is More Amazing than a Man-of-War 

WHAT TYNDALL’S EYE OF FAITH COULD SEE 


H aving surveyed the variety and power 
and majesty of life, we naturally ask: 
Where does it come from ? A simple, 
straightforward query, but at present so 
unanswerable that very few men of science 
are even trying to answer it, though 
nothing can be more imi)ortant. But 
though no one yet knows where life comes 
from, and though no one can create even 
I he simplest living thing, we do know a 
great deal which will help to answer the 
(juestion some day ; and we look at it in 
a very different light from that will-o’-the- 
wisp by which our predecessors thought 
they saw it. 

Let us define our problem. Here are 
all manner of living things upon the 
earth, animal and vegetable, high and low. 
mammoth and microbe. One and all they 
are destined to die. But though all indi- 
viduals are mortal, life is maintained by 
n^productioii or parenthood. The living 
things we know, whose production of the 
next generation we witness in flower and 
truit, in kittens and lambs and foals, are 
tlumiselves the offspring of ]xirents like 
tluunselves. 

That is one stage of our inquiry. All 
the living things now upon the earth appear 
to be the offspring of others like them- 
selves. The origin of the existing life of 
the planet is therefore to be found simi)ly 
in the parents of present individuals. 

But we must not assume that this# is 
wholly true. Though we are sure that 
existing children have all had living human 
parents, are we sure that all existing 
microbes have had microbic ]xircnts ? Is 
it not possible that some of them have 
arisen by what is called “ spontaneous 
generation from' dirt and water and air 
and other such m'aterials ? We may safely 
assume previous cats, sheep, human beings, 
wherever we observe kjttens, lambs, babies ; 


but, though we are sure in these cases, wc 
cannot be so sure in the case of microbes, 
or the amceba of the ponds, or other 
forms of life which arc so small and simple, 
and seem so easily to make their appear- 
ance “ from nowhere,” that perhaps they 
do repn^sent a fresh beginning of life from 
the lifeless. 

Thti (T itic may reply that he is not really 
interested in tlie origin of microbes and 
aiiKeLrc, which are so insignificant and 
undistinguished. He wants to know whjre 
the great forms of life, noble trees and 
nobler men, come from ; and if he is assured 
that they always come from ancestors like 
themselves, he wants to know where the 
first trees and men came from. 

At this point we encounter the doctrine 
of evolution, which makes all the difference 
in our reply to this critic. If we ask the 
origin of all or any of the living species 
which we see arouiul us, and of which our 
own species is one, we ])lainly have to 
choose between two possibilities. Either 
they each began inde])endently, somehow, 
as we see them now, or else they have 
grown or evolved, fi‘>ni one another. The 
doctrine of their independent origin comes 
to us in this part of the world as the story 
of tlie (iarden of Eden. It is the doctrine 
of ” special creation,” according to which 
all the forms of animals and jflants were 
created once and for all, as they arc now, 
and have been maintained, to the present 
day, by the process of parenthood, ‘‘ like 
begetting like.” 

ISh) one now believes in this doctrine of 
special creation. The slightest thought and 
study show that the various kinds of animals 
and j)lants have somehow evolved from 
one another, higher forms being developed 
from simph^r ones, and those from simpler 
still. No evolutionist — aiul that means 
no student of the subject to-day — ^would. 


embracing biology* EVOLUTION-HEREDITY* conquest OF DISEASE 
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therefore, dream of trying to find the origin 
of trees or birds except in other forms o*f life 
which came before them ; and if we con- 
tinue this line of thought long enough, we 
come, by nccc^ssity, to the humblest and 
most primitive forms of life that we can 
discover. When we liavc reached these 
most primitive or supposed most primitive 
— living things, and cannot trace their 
origin to anything humbler, as we can 
trace birds to reptiles or men to apes, we 
.are at a standstill. In fact, we have 
reached tluj, real problem of the origin of 
life. If w^e can explain the origin of these 
humblest things we. have evidence which 
permits us to believe that higher forms of 
life would follow, and therefore the origin 
of the lowest form of life is the whole 
problem. 

Thus, when men of science now study 
and discuss the origin of life it is under- 
stood that they are studying the very 
Immblest possible forms of life, and that if 


nothing else, that no life could have existe<l 
upon it. It is now covered with life ; 
and yet, as was and is asserted, not-living 
matter cannot yield life ! ^ 

For some n^ason which we cannot realist* 
to-day many who joined in that controversy 
W’ere anxious to exclude any explanation 
which endowed Mother Earth ** with tin* 
power to be a mother at all. They wanted 
to prove her, not only incapable of evolving 
new life from the lifeless now, as they 
asserted, but incapable of ever having 
done so. These believers in the sterility of 
the earth, and in the incapacity of what 
they called “ dead matter to become alive, 
were hard put to it to invent some othei 
theory. They did invent two. Of these*, 
one was the theory of “ special creation ” 
in a slightly different shape, asserting that, 
though the different forms of living beings 
were evolved from one another and from 
simpler forms, the iirst g(*rms of life were 
specially created and planted upon the 



THK ASTOUNDING rOW?:RS OF REPRODUCTION OF .THE AMCKBA, THE SIMPLEST CREATURE KNOWN 
This series of pirturcs shows an amcebn, the simplest form of .animal that wc know, reproiliu.im; itself as wo watch it through th«‘ 
iiitcroscrupc. In the second picture the single nucleus is foriniiij; into two; in the third it has dcfinitoly hecomc two, and the aimelia is 
elongating; itself ; in the fourth and fifth the lio<ly is hreuking up ; and at last .amither aimcha is in the worlil, ready to lepeat tin* pro«'ess. 


they could ])r()ve tlie ** spontaneous genera- 
tion ” of the tiniest, rudest, feeblest, living 
speck from materials in which there had 
formerly been no life as we understand it, 
all later developments of the powers of life 
would have found tlieir key. The <piestioii 
therefore is : Does lifeless matter in an}' 
circumslanees produce living beings, how- 
ever humble ? 

The keenest and bitterest controversy 
raged over this question a generation ago ,• 
a curious historical fact when we observe 
that it is hardly ever discussed — at least, 
in this country to-day, though it is just 
as important as ever, and eviMi more inter- 
esting. The verdict at the .time was that 
lifeless matter never produces life, and 
therefore that some entirely special and 
unique cau.se must liave (iidowed our 
planet with its iirst lift. The students of 
the earth report with absolute certainty, 
on overwhelming evidence, that it was 
once in such a state of heat, to mention 
152 


earth, on some unique occasion in the past, 
by the special interposition of Deity. 

This was considered a more reverent and 
religious view than that which crc(lil(‘d 
Deity with having created atoms and 
forces so wonderful and so divine that they 
could eng(*nder life from tln'inselves. Bid 
w'c all see nowadays that, of the two views, 
the newer one is the more reverent and 
more profound and more religious. Hero 
need not concern ourselves any inoio 
with the old view, which Jinds no new 
champions. 

The alternative theory held by scientists 
of this school was a very ingenious and 
sensational one. They suggested— Lord 
Kelvin being their leg^der t that * possibly 
the first genus of life jnight have be('n 
borne to our earth ‘‘ on the moss-gro\Mi 
ruins of another world.” Some older 
planet, com])arable to Mars or Saturn, 
might have had life upon it, and in tlir 
course of its travels might have undergoi^* 
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/ rhaps the most imaginative tlieory ever held of the origin of life on tiie earth was that of Lord 
^tivin, who suggested that possibly the first germs of life might have been borne to eartli “on the 
tiDss-grown ruins of another world,’* meaning such a planetary fragment as this. 'I lu? suggt^stion has 
" >l more imagination than science, but it is significant that it should have c ome fre^m Lord Kelvin. 
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a collision with another celestial body, 
and its “ moss-grown ” fragments might 
have formed meteorites, which might have 
later encountered the earth, been attracted 
by its gravitation, and thus planted moss " 
upon its surface. 

One can only dimly imagine what the* 
leaders of science would have said if such 
a theory had been put forward by some 
distinguished clergyman or architect or 
lawyer. The time has long, passed when 
there is any need to discuss its details in 
a serious faslhon ; but it is of too great 
interest aj# a feat of the imagination and 
as part of the history of science to be 
wholly omitted here. The only cofnment 
• which requires to be made upon it is that, 
even assuming all the incred- 
ible things which the theory 
requirt'S, it merely alters the 
site of the problem, and we 
must ask just the same ques- 
tions asf before, except that we 
ask them (^f “another world,** 
and not of our t>wn. 

Certainly the pn)blem is not 
to be solved by running away 
from it, or pushing it away 
from us, in tins fashion. 

Neither the miraculous inter- 
vention of Providence — as if 
everything were not miracu- 
lous ! — nor tl’ic theory which 
pretended to solve the problem 
by saying it all happened 
somewhere els(', ('an satisfy (^ur 
minds to-day. What would 
satisfy them best can easily be 
defined, and then we can set 
to work to sc'c whether this 
most simple and satisfactury 
explanation is really borne out 
by the facts of observation and 
experiment. 'I'he most reasonable solution 
would cta lainly be that, when we provided 
very satisfactory (onditions of temperature 
and moisture and chemical mixture and air 
supply, we should lind forms of life appear- 
ing there. These forms we should expect 
to be extremely simple and lowly, perhaps 
as miK'h simpler than the amceba as the 
amoeba is simpler than an insect or a 
fisli ; but if they were alive they would 
satisfy* us, for if the amceba can give rise 
to an insect, these 1 nimblest oi living 
beings might give rise t(' lUe aiaoeba, and 
tlie chain would be cont])lete. 

This point, that the first and simplest 
living beings would be simpler than any 
vve know, must be insisted upon, though* 
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it is frequently forgotten by students of 
this subject. But the evidence, up to tlxc 
present day, entirely fails to demonstrati.' 
that living beings can arise in not-liviii;^^ 
materials. A vast quantity of work Irk 
been clone, by Pasteur and Tyndall and 
Huxley, who arc all gone, and by Dr. 
Charlton Hastian, who took the opposit(‘ 
view to theirs a generation ago, and main- 
tains his view still. 

The verdict then went to Pastcnr*s side; 
and we must try now to distinguisli between 
the vastly important facts which Pasteur 
and his helpers pnived, and the world- 
conclusion which it was sought to base upon 
them. Pasteur showed, by a long and mag- 
nificent scries of experiments, that if tulx s 
or vessels containing the forms 
of life which he called microlxK, 
or yeast -cells, or any otlier ol 
the liinnbler forms of life, be 
boiled or treated with a Iiks 
degiCM^ of heat for a consider- 
able time — a ])r()cess now called 
])astcnrisalion — no life sul)S(‘- 
quently appear^ in them. 'I'liey 
are sterilisc'd. as we say. After 
the treatment which Inis (le- 
st royi'd all existing lilc, tlie 
t(^st-tub(.s or vessels may lx 
plngg(‘d with cotton- w(M)l, wliicli 
fively admits the air; but 
thougii all necessary nuilerials. 
as we might suppose, an 
pivsent for the formation ot 
n(‘W living beings, and tliougl! 
dJie air has ready acc('ss t( 
them, IK) life a])])ears. Tlies( 
results, which have h(*en con- 
firmed incessantly sinee that 
time, were in utter np])()silion 
to the generally reci-ived beliid. 
They coni])leiely iipsel tin 
cunent views as to the origin of microhe.'- 
and other agf'iits which jiroduce disease 
and of course they are daily matters ()l 
life and death to mankind in Iheir bearinj^ 
upon the control of infection, the use d 
disinfectants and antiseptics, the preserva- 
tion of milk and other f() 0 (.l, and in main 
lessor ways. 

But ii^stead of keeping simply to the facli 
which Pasteur had proved, men drew fron 
them the most tremendous conclusion;- 
which are still generally accepted, hid 
which these facts do not even begin 
justify. Because no recognisable life ap 
pearedin certain boiled or long-heated solii 
tions and mixtures, men actually assiniK * 
it proved that no forms of life, kno\vi 
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or unknown, ever appear in any part of tlie 
world, ocean depths, or hillside soil, in any 
circumstances except from preceding life ; 
and many men went on to declare that the 
experiments proved that life not only did 
not arise from lifeless matter, but that it 
could not do so, either in the present or in 
any circumstances in the past. 

It is the most difficult thing in the world 
to prove what is called a “ universal nega- 
tive,*’ but here men thought to prove a 
universal negative as to the origin of life, on 
the strength of experiments which could 
not by afiy means include one in millions 
of the possible varieties of circumstances. 
There have been few instances of worse 
reasoning in the whole history of science. 

Of course, men found th<ar whole view 
of the world in difficulties when they 
argued in this fashion. Some looked for 
a l)ivine interference with the Divine handi- 
work in order to explain the origin of life ; 
and others said the simple explanation was 
that life took origin somewhere else. But 
the final opinion, which is held as what we 
call scientific ortliodoxy to-day, was that, 
wliile experiment proved that the origin of 
life wh(?re no life had been is impossible 
to-day, life must have arisen from not- 
living matter at some jieriod in the remote 
past, “ when the conditions were very 
different from those which obtain to-day.” 

The Earth Crammed with Life and all the 
Known Conditions for Making It 

It cannot tor n mom'ent be admitted that ’ 
the experiments have proved the origin of 
life now to be im])0ssible, simply because, 
in those ex]icriments, no life appeared to 
be produced. And it is ho]:)clessly difficult 
to obtain any reitional satisfaction from the 
generally accepted view that the conditions 
in the past were somehow so different 
that what is everywhere and in whatever 
conditions impossible now could have 
haj^pened tlien. 

On the contrary, if we try to compare 
present conditions with any that can have 
obtained in the past, wc find that all the 
advantage, for the purposes of life, is with 
the present. The earth is now crammed with 
life ; the conditions for the maintenance of 
life can never have been better : why not. 
then, tiic conditions for making it ? All 
the required chemical elements are avail- 
able, there is plenty of water, and of oxygen 
to breathe, aiid all the pt'ssiblc temperatures 
at which life can exist at all are available. 
Above all, there is a vast quantity of ready 
})repared food iiia ferial, and of complicated 
chemical compounds, such as living bodie» 
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need and are made of, which have becMi 
made by the present life of the earth. Yet 
we are asked to believe that no life can eve r 
arise anew on our planet now, in tlie 
presence of such things as starch and sugar, 
and white of egg, and milk, but that life 
could arise long ago when not a single one 
of the food materials which life relies on 
was available. This is the difficulty we find 
ourselves in, and there is only one way out. 

The Marvellous Complexity of the Simplest 
Forms of Life we Know 

We must give up the idea, for which 
wc have no warrant', that the lowest fornis 
of life wc know are really the lowest and 
simplest that can be. This is a familinr 
type of error. The students of mankind, 
for instance, are only just beginning to 
realise that the lowest known forms (jf 
men arc far above primitive man. Jnst 
so the students of life arc now beginnin|.j 
to realise that the lowest known forms of 
life are far above what primitive fornis 
must have been. Our error hitherto is 
almost ludicrous when we come to look 
at it. The amoeba is the simplest form 
of animal life that wcknow, and wc assume 
it to be tlic simplest that can be. Yet il 
has a complicated structure — much too 
complicated for us to have unravelled yet ; 
and it possesses varied and delicate powers 
of locomotion, sensation, digestion, excre- 
tion, and reproduction, which have only to 
be thought of for anyone to realise tliat 
vastly simpler fornis of life are imaginable. 

Really it is amaring how wc can ever have 
supposed that the amceha, or even tlie 
simplest of the green plants, is really primi- 
tive ; and it is scarcely less arna/ing that 
notable students have been able to believe 
that such marvellously skilful and compli- 
cated beings could arise in ii few hours 
out of a mixture of chemical compounds 
and air and watej:. It is as incredible 
as the view of tlie last generation that the 
civilisation and culture of Athens were 
built in a few decades out of barbarism, a 
view which we know to be as false as can l)e. 

The Long Stages of Evolution of which We 
can Find no Trace 

It is very probable that the siin])lest 
living thing we know represents the result 
of a long q^eriod of evolution, with muny 
remarkable stages, all trace pf which is now 
lost ; and that the experimenters who deny 
the possibility of ” spontaneous gcin ra- 
tion ” on the evidence of a few days ui' 
weeks might as well expect the plays of 
Shakes|)eare to be written without tlic 
invention of an alphabet and a word or two 
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bcU:^ necessary. If we are to possess our- 
selves of the only belief which satisfies the 
-eason, and are to travel along the only 
road which will lead us to definite discovery, 
\ve must give up the idea of the amoeba as 
primitive, and must ask what a really 
primitive living being would be. 

All the living things we know now consist 
of cells, and cells are wonderfully com- 
plicated structures. It is reasonalde to 
suppose that the simj)lest cell, simpler 
far than any we know, may have taken 
thousands or millions of years for its evolu- 
tion.’ The modern study of the earth’s 
ciiist gives us as much time for evolution to 
work in as anyone can ask for, or any theory 
rc(piire ; and we w’ho now have begun to 
realise what a marvellous thing the simplest 
cell is- how vastly more complicated in its 
sirn])licily than a man-of-war or a railway 
deal ing-iiouse -may w'ell believe that many 
ag('S were required for its evolution. Long 
hefore the living cell a])pcared, thereafter 
to l)(u*oiiic the unit of all living things 
without exception, we may suppose that 
IhiMO was living matter, or protoplasm, as 
Huxley called it, “ the physical basis of life.” 
And now, what kind of living matter could 
it be that would first ap})ear on the earth ? 

The Plant Life that Prepared the Way for 
Higher Forms 

It would be in no sense an animal, nor 
y(‘t like an animal in its habits. For animals, 
without exce[)tion, require for their food 
material which has been already prepared 
by the action of living things. Plainly, 
therefore, nothing of the nature of an- 
animal could be the first living thing. 
This rules out the amoeba, or even the 
simplest forerunner of the amoeba. 

If we turn to the plant world wo find that 
microbes appear to be the simplest of its 
forms of life. J^ut microbes arc like animals, 
in that they can only live u|X)n material 
which is itself alive, or which has been 
made by living things. Though they are 
l^lants they arc (legraded, unplantlikc 
plants, and are as dependent on other forms 
<>1 life as animals are. Thus we have ruled 
nut both the simplest of known animals 
and the simplest of known plants. • 

riie^ first forms of life must necessarily 
have been jdanthke in this fundamental 
In spect, that they could live upon materials 
made by any pre-existing life. At some 
jat(T stage the fiist animal forms must have 
ben produced, able to live because their 
l^jant predecessors and contemporaries pro- 
vided them with noiirishmept — as plants 
everywhere maintain animal life now. 


Life depends upon chemical changes ; and 
if all chemical change ceases, life ceases. 
” To live is to change,” as Cardinal Newman 
said. And the words are literally true of 
every part and aspect of all life, bodily and 
mental. The only manner in which chemical 
change can occur for tlic j)urposes of life is 
in liquid water, which is the great solvent 
of other substances, and the great medium 
for their interaction. 

When and Where Life May Have Begun in 
the World 

All life is thus lived in water ; and 
though we can say nothing^ whatever 
about the form of the first living things, we 
can confidently say that they existed in 
water. Indeed, nothing is more probable 
than that life was born in the sea — perhaps 
in one or both of the primitive polar oceans, 
which woukl ])rcsumably be the first to cool. 
A French physiologist has lately gone far 
to prove that the com})osition of the blood, 
even of man himself, is substantially the 
same, as regards the character and the pro- 
portions of its salts, as the com])osition of 
the sea-water of the primitive oceans, when, 
as wc may suppose, life first left the sea. 

These consideralious help us, very 
roughly, towards some idea of the date of 
this tremendous occurrence. We may say 
])ositively that the origin of life must have 
occurred not earlier than the date when 
first the earth’s crust cooled sufficiently to 
permit of the presence of lic[uid water upon 
its surface. And, so far as we can judge by 
the behaviour of life as wo know it now, it 
would be likely that not until the first seas 
began to cool consideral)ly, and their tem- 
perature fell a good deal below boiling-point, 
could life make a start. 

Can this Marvellous ^ Universe have Arisen 
from Dehd Matter? 

As for the dale which these points indicate, 
of course wo must refer to geology and 
physics. Geology has some kind of record, 
and may make guesses as to the age of the 
rocks in which remains of life first appear. 
Physics may reckon how long the earth has 
taken to cool. Other sciences contribute, as 
w^hen chemistry studies the salt contained 
in rivers, and thence tries to measure the 
years during which the rivers must have 
been pouring salt into the sea in order to 
make it as salt as it is at present. 

These estimates vary at present, and ever 
increase in length, as we gradually begin to 
learn the part which radium, and the powers 
of such substances as radium, have played 
in the formation of the earth’s crust and 
seas. But it seems reasonable to believe 
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that life must have existed for not less, at 
any rate, than hundreds of millions of years. 

So much for the probable place and the 
probable date of the origin of life. We have 
to ask again, in the light of our new know- 
ledge, whether it can be believed that this 
marvellous thing, with its almost infinite 
powers and its conquest of the earth, can 
possibly have arisen of itself from what we 
call “ dead matter.’* Here, as in so many 
other cases, the discovery of radium and its 
properties helps us beyond measure. 

The Atom that Helps us to Bridge the Gap 
Between the Living and Not-Living 

Tf we do indeed think of the not-living 
world as being composed of “ dead matter,” 
in the sense that its atoms have no force or 
a|)pctites of their own, but are simply acted 
u|ion from outside, then it seems a simply 
unimaginable thing that such a marvel of 
spontaneous and origiiital activity as life 
could have arisen in such unpromising 
material. We should find it easier to believe 
that life entered the world from somewhere 
else, or from nowhere, and possessed these 
atoms until they became alive. But the 
case is very different when, instead of our 
old ideas about “ dead matter,” and instead 
of looking upon atoms as forceless in them- 
selves and merely the sport of forces outside 
them, we come to remember what very 
lively, if not living, things atoms really are. 

Thus we come to the second of two ways 
in which modern thought and knowledge are 
learning to bridge the apparently impassable 
abyss between the living and the not-living. 
The task is indisjxMisal)le for our theory of 
universal evolution, which cannot admit the 
presence of gaps in Nature, nor imjjossible 
intervals in the stride of things. We are 
learning to accomidish it by advance in 
l)()th directions— from the living to the life- 
less, and from the lifeless to the living. 

The Mysterious Force that Works in Atoms 
Stored with Marvellous Energy 

The gap between the amoeba and ” dead 
matter ” is hopeless, but it is not real. The 
domain of life stretches far across the gap 
in living forms which, perhaps, have mostly 
disappeared from the world of to-day, but 
may yet exist, and may even now be in 
process of evolution from the supposed life- 
less. We do well to remind ourselves of 
what the students of disease now say — that 
there are living causes of disease which are 
so much smaller than ordinary microbes 
that they cannot be seen by any microscope, 
if indeed they can be stopjied by, any filter. 
How absurd it is, then, to talk as if .such 
things were the real beginnings of life ! 
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And now the new chemistry throws out 
strong girders across the gap from the si(l(‘ 
of the not-living. It shows us that deatl 
atoms” are very far from inert in them- 
selves, though they may be dead when 
compared wnth the forms- of life we know. 
It shows us radium and other elements 
composed of atoms which are crammed 
with incalculable stores of energy, and arc 
most certainly doing things at every 
moment of what we can scarcely help calling 
their lives. These new facts arc none the 
less significant if we remember that certain 
atoms can act as ferments, causing chemical 
changes of an active and jiotent kind. 

Constructive chemistry goes farther still. 
It builds up, from simple atoms, such com- 
})ounds as alcohol, sugar, and even the 
simpler forms of the proteins, which an* 
usually made by living beings alone, and 
which men supposed, not long ago, could be 
made only by the processes of living bodies. 

We still talk, indeed, of “ organic chemis- 
try ” and ” inorganic chemistry,” of which 
the first deals with the chemistry and the 
compounds produced by living organisms, 
and the second with other compounds. But 
every chemist knows that the two chemis- 
tries are one, and that the ga]) between 
organic and inorganic does not really exist. 

The Strange Processes which may Hold the 
Key to all our Questionings 

Not only docs chemistry teach us never 
again to speak of ” dead matter,” not only 
does it construct so-called ” vital products ^ 
artificially in the laboratory, but it directs 
our attention to a group of com|K)unds, 
called ferments, whicli doubtless hold the 
key to all our questions. Clever experi- 
menters supi)ose that they have produced 
living beings by the action of radium on 
bouillon ; and others endeavour to gal- 
vanise special mixtures into the form or 
semblance of life. These attempts all j)rovc 
disappointing. But the chemistry of th(‘ 
ferments makes steady progress. Soin(‘ 
ferments can be made artificially— an 
achievement which perhaps is nearer than 
anything else, more talked about, towards 
the making of life. For ferments can jjro- 
duce and keep going chemical changes ol 
the most wonderful kind, without them- 
selves undergoing change or exhaustion. It 
is probably the literal truth that life, con- 
sidered from the physical and chemical 
point of view, is a series of fermentations. 
All living things contain ferments, and cease 
to live if those ferments cease to be able t(j 
work. Great features of adult individual 
are now realised to be due to the presence. 
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nr absence, or particular combir][atioii, of 
certain ferments in the germ-cells from which 
(hose individuals developed. The science of 
ferments has done more thai all other 
branches of study put together to bridge 
tlie gap between the not-living and the 
living ; and we must remember that the 
study is in its infancy. 

A new branch of science has been formed 
to deal with this subject. It is called bio- 
clu‘inistry; tliat is to say, life-chemistry. In 
its develojnnent arc now hidden, and will 
ere long be revealed, the nature of fermenta- 
tion, many of the mysteries of heredity and 


produced at will, by those who come after us, 
and the secret of the origin of lilc will be a 
secret no longer. 

Life will be none the less real, however, 
none the less different and characteristic 
and wonderful, because we are able to trace 
its history and its connections, unless, 
indeed, we are always to discount or decry 
great things, great art, or great incn, or 
great ideas, on the ground that we can trace 
“ the base degrees by which they did 
ascend.” If it -be true, as modern science 
believes, that the possibilities of life are 
latent in the universe, that, Tyndab 
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bevel’opmont, and most or all of the hitherto 
unsolved mysteries of disease, especially 
those concerned with abnormal forms of 
living action, such as the growth and be- 
haviour of cancer-cells. Elsewhere we shall 
study some of this work, and note its 
progress. 

Meanwhile, we may be satisfied, by the 
fust fruits of research already before us, 
that the gap between the not-living and the 
living is not without a bridge. All stages 
tnirn the single unlinked atom, or even 
noiu the electron, up to the. living organ- 
may yet be demonstrated, and even 


declared, the eye of scientific faith can see 
in the fire-mist from which our earth was 
made all ” the promise and ])otency of 
terrestrial life ” — the worm and the bird 
and the oak, and Shakespeare and Plato - 
then the only conclusion we can draw is 
not that Shakespeare is therefore less 
Shakespeare, but that “ dead matter ” and 
“ mere, gross, material, things,” and “ the 
blind forces of the mechanical world” are 
less gross and blind than we suppose, 
since they are the servants and do the 
will of the living Power that moves through 
all things. 
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HOW ROCKS ARE GROUND TO TOWDER 



A rivitr ice such as tins played its pari in making the soil of qur islands. Jn the Ire A^e huge glaciei '’ 
must have crushed tla* rocks^ as a rnill-wheel crushes grains of wheat, and in Kngland many of tli<* 
topmost peaks of hills have probably been pulled off and ground away by glaciers. 
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THE SOIL FROM AGE TO AGE 

The Making of the Thin Coating of the Earth 
upon which all Life and Civilisation Depend 

THE GRINDING OF THE EARTH TO POWDER 


M any people think of the soil, if they 
think at all, and very many write 
of the soil, as if it were made of the dust 
ground from the underlying rocks which 
great forces had broken and powdered. 
But it is also to be remembered that many 
little, almost unnoticed, and imperceptible 
forces, working steadily on and on for many 
thousand years, have done as much as the 
ii])licavals to break up the rocks. 

Stones have been worn away by smaller 
powers than the dripping of water. In any 
wild, stony places where the air is fresh, 
lichens will be found colouring the harcl 
stone with delicate greys and blues and 
yellows. It may be said that London and 
other very smoky towns are the only places 
on the face of the globe wlicrc lichens 
cannot live. They need pure air and little 
else, and a stone is all they require to feed 
on. They distil on to it an acid, like the 
etcher on his plate, and thus make little 
patterns in whose grooves they may cling. 
Some of the stone they eat, some they break 
up and crumble. But what they eat and 
what they crumble is the beginning of soil. 

All plants, from great trees down to small 
mosses and lichens, make soil in this way. 
A tree sends down its roots to rocks and 
^tones.far under the ground ; it secures from 
them, after it has broken them up, some of 
Uieir minerals, which pass up the trunk and 
into the boughs and leaves. In all the 
leaves that fall is a certain amount of lime, 
mie of the few substances that remain behincl 
in the shrivelled leaf. This lime is each 
year added to the top soil. Much more 
dony substance is added when boughs 
tall and moulder, but on the whole it is 
the decayed leaves of trees, and both the 
leaves and roots of smaller plants, which 
itld most to the soil. 

This work results in such accumulation 
that we often find in a soil a large percentage 
u some mineral which exists in hardly 


perceptible quantities in the grciund under- 
neath. But year after year the deep roots 
of plants took what they could get of the 
minerals they required ; and when they 
died thus left life-stores as a legacy to the 
top-soil, so that in time this became richer 
than the under-rock. On the other hand 
we find certain top-soils that arc almost 
devoid of the substances of which the under- ■' 
rock consists. 

Some plants, gorse, for instance, dislike 
lime, and yet will flourish over a chalk bed ; 
and it may be that this top-soil ])roves to- 
be singularly deficient in chalk. Again, 
in the English fens of the Eastern Counties 
the most valuable lands arc those which have 
clay underneath the black, peaty soil, for it 
is found that this clay is the most valuable 
of all manures for the soil. In other words, 
this clay, dug up and scattered over the 
surface, adds the minerals in which the 
black, peaty stuff is singularly deficient. 

Quite often there is no connection what- 
ever between the upper soil and under soil. 
If we walk over those wonderful flats which 
have formed in the neighbourhood of Rye 
during the last few hundred years we see the 
heavy beds of shingle that the sea left, 
quickly become covered with soil. The soil 
in this case is almost all brought by the 
wind or by birds. In desert countries there 
are examples of soil being wind-borne over 
astonishing distances. Many soils are, of 
course, water-borne. The rivers have left 
fine deposits of the stuff which has been 
fetched from the higher regions. Again, the 
ice-caps, ages ago, scrapctl the high rocks and 
dragged down the worn stone to the valleys ; 
and great blocks of stone are carried down- 
wards by the same force. 

Even in England to-day, soil is found to 
be continually slipping .down into the valleys 
with the help of water and moles and worms. 
Some valley roads, in spite of the stones 
added to them year by year, are now quite 
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below the fields on either side, as if they had 
purposely been cut in a hollow. Indeed, the 
top-soil is continually changing very rapidly 
under our eyes. The enormous part played 
by worms in England, and by the gopher 
in America, is incalculable. Darwin made 
many wonderful calculations in regard to 
worms which astonished the scientific 
world and created a good deal of incredulity, 
but he rather under-estimated than other- 
wise the accumulated effects of their work. 
It is tolerably certain that every bit of our 
more cultivated soil has been through the 
bodies of wcjrnis many times. They have 
both ground it smaller and have continually 
brougiit the finer stuff to the to]). No one 
has yet calculated the effect of moles, but 
it is enormous - in some places much greater 
than that of worms. 

We may truly say that the surface soil is 
manufactured, and it would be a marvel if it 
did not differ from the raw material under- 
neath ; yet it is not always accurate to speak 
of top-soil and sub-soil and soil foundation. 

The Picture-History of the Making of the 
Soil that we see in a Quarry 

It sometimes hai)pens that wc cannot tell 
where one begins and the other ends, 
especially in the valleys. At llic same time, 
up almost any slope a section cut in the 
ground will show the divisions sufficiently 
clearly, and tell how one was formed of 
another. In any case it is useful to imagine 
and discuss a soil which was not l)roi!ght 
from anywhere else, but came to be as it 
is by the slow i)roccss of the ages working 
on that spot and no other. 

In many parts of England we can see on 
the sides of quarries a very simjde and 
conclusive picture of the making of soil. 
No one who studied such a wall in the 
ground could have any doubt that the 
soil was made directly out of the rocks in 
some way or other. At the base is to be 
seen the solid, or nearly solid, rock. Pro- 
bably even in the firmest blocks some slight 
cracks will be detected, and these give the 
first opportunity for the wedges of food and 
water to enter and begin their manufactur- 
ing of rock into soil. On the outside surface 
of the rock very likely some plants will be 
growing. As we have seen, liclicns and 
mosses and such small hardy things as 
stonecrop can cleave to the rock, which 
is as much as to say that they have already 
made soil out of the rock. So the rock 
here is being made, or maiiuf .^cturea, into 
s(nl on two of its faces. However, now we 
are considering only the t(qj side, where the 
manufacture is completed. 
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Above the solid rock is a mass of stones 
which look as if some roadman had been 
at work with his hammer. Some of the 
bits arc small, some of great si2c, with every 
variety of rock in si^e and shape between 
these. This broken layer is often quite well 
defined from the under-rock. No doubt the 
under-rock is more freely cracked near th(i 
top, but the stones begin to multiply quickly, 
and very soon grow smaller and smaller, till 
they are almost powdered and become a 
sort of soil. Nevertheless, though they are 
in a sense soil, they are separated by a very 
obvious division from the top layer. 

The Rock and Stoaes that lie Beneath the 
Surface of the Soil 

They arc separated, for one thing, in 
colour. Almost always the top-soil is 
darker than the under-soil or sub-soil, as well 
as looser and finer ; and in this quality of 
darkness is sometliing which makes tlu; 
picture of this quarry-side harder to read 
and interpret. If one were asked to 
explain the picture one would find most of 
it easy enough. There is the rock of which 
any text-book of geology or the history 
of the eartJi could explain the nature*. 
There anyone may discover the history 
of the roefo, how some were smoother, some* 
pressed together, some de])ositcd by animals 
and their shells. However, if all this may bo 
left aside for the moment, and if we acce])t 
the rock as we see it as the primal foundation 
of the world, the appearances in the top-soil 
still remain unexplained, though all the rest 
is explained. The cracks show how the 
crumbling came about. Water trickled 
down. Ice froze in the interstices, and, 
exerting its enormous ]>ower, split the rock 
asunder. As soon as the rock was thus 
opened to the weather, the work of breaking 
u}) went on at double and treble speed. 

The Thousand Little Crevices that Let in 
the Rain, which Breaks up the Rock 

A thousand little crevices let in the acid 
that is found in rain, or the rain fro;ze and the 
cracking was multiplied till a genuine sub- 
soil was created. But none of these things 
produced the dark colour of the soil above 
this. For that top “ spit,’* or two “ spits " 
— that is, spade-depths — is not wholly made 
of the rock. It is rather an amalgam of rock 
and air. Its colour is due to the roots 
and leaves .of plants which have entered 
their substance both from powdered rex^k 
and from air. Many people get a wron.g 
idea of the soil, and indeed of many things 
in and about the earth, because they regaid 
a rock and the air as simple things, as 
elements. Of course, neither earth nor air 



THK FIllST MAKERS OF THE SOIL 



riiesc were pr(ibal)ly llie first lliiiiKS to j;ive fife a resting-place when the earth was a bare rock. At the 
t<>p is moss growing on a stone ; below is lichen growing on bark. They are the simplest forins of vege- 
table life ; lichen will grow on a stone, eating it and crumbling it away. That is the beginning of soil. 
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is an element. An element is a thing which 
cannot be divided into other things, without 
some addition. Iron, for instance, is an 
element. We cannot extract from iron any 
other substance than iron. If we add 
oxygen, iron becomes rust, but iron is iron, 
and nothing else. Now, both the earth and 
the air are many things. Almost any rock 
is a combination of all maimer of things, 
such as silica', potash, soda, magnesia, lime, 
alumina, iron substances, water. The air, 
again, is made up of a host of substances, 
some only separated during the last few years. 

The Soil of England that has been Hammered 
and Bea/en from One Place to Another 

This top piece of soil, then, is made up of 
a host of substances, very many powdered 
out of the rock, some stolen from the air by 
jdants and by bacteria, those unseen but 
busy “ flora ” existing in their millions. 
Some of them, it is thought, arc directly 
responsible for the black colour wliich dis- 
tinguishes top-soil if it contains humus,” 
or some proportion of imdccayed vegetable 
stuff. So it is never the case, or at least it is 
very seldom the case, that the surface soil 
is of the same soil exactly as the under-soil, 
and it does not follow that tlie sub-soil is of 
the same nature as the underlying rock. 

In the section of ground we have described, 
the sub-soil was directly formed from the 
rock. If we could go back to the beginning 
of things, we should ])rol)ably find that the 
lichens and the weather together first made 
soil out of the bare rock, tlie ])lants all the 
while adding a little, and as time went on 
more and more, of materials from the air. 

But we can scarcely go back to the begin- 
ning. Our world has been hammered and 
beaten and upheaved and submerged by 
such violent and long-lasting forces that 
no natural order of tilings has proceeded 
over any long space. Nearly all the best soil 
in England was manufactured some distance 
away ifrom its present site. 

Irish Stones that Travelled to Scotland and 
Stayed There 

For England, as most men believe, has 
undergone an ice-period — at any rate, all 
over the north — and a semi-tropical period 
also. It has been lifted high out of the 
waters, and it has been .sent under them. 
Perhaps volcanoes and earthquakes have 
played their part. In many places we can 
scarcely pe'netrate down to any rock at all. 
For example, all down and along the Tliames 
valley is a soil which is known as ” driP.” 

Drift, in the first ir.stance. is almost cer- 
tainly made by ice. Ice-cai)s ice-rivers — ^as 
glaciers may be called — have scraped and 
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ground the rocks to powder. They hav« 
also caught up great blocks of stone, ant! 
carried these over long, sometimes enormou > 
distances. In that form of drift, ver\ 
common in England, and known as bouldei - 
clay, we find stones and rocks of such ran 
and unusual sort that we can trace their 
origin with considerable certainty. 

There exist in Scotland, for example, stones 
that must have been carried from Ireland, 
and on the east there are stones which it is 
generally believed came from Scandinavia, 
in days, perhaps, when no sea separated 
those distant jdaces. One of the facts about 
these drift-beds which most astonishes 
people is their great depth. In the Thames 
valley they are moderately shallow, but on 
the East Coast they reach the extraordinary 
depth of 400 feet. Anyone who walks alonj^ 
the beach in the neighbourhood of Cromer, 
especially north of Cromer, can see this for 
himself. The face of the cliff is quiti* 
clearly made of layers of fine silt and 
dust, these layers being often twisted 1)\ 
various forces. As these layers havi* 
never, in most instances, been crushed or 
molten into rocks, they crumble away 
perpetually as the weather attacks them. 

The Ice that Pulled off the Tall Peaks of 
our English Hills 

We can see in them occasional lumps of 
chalk which must have come a very long 
way. Here and there brickworks have been 
started, showing where pockets or veins ol 
clay exist. The more we look at these cliffs, 
tJie more clear and certain it seems to beconu* 
that they were deposited there by some 
force which had ground them out of tin* 
rock, and carried them from the place ol 
manufacture. They are, in short, what is 
called, in countries where ice-rivers still 
exist, ” flour of glaciers.” The glaciers ha\ c‘ 
treated the rocks as the crushing wheels in 
a mill have treated the grains, and the flour 
or powder has been carried on along shoots. 
In moving the ” flour,” the glaciers and 
rivers have probably worked both togetln i 
and successively. 

It is a fascinating inquiry how this lia^ 
all happened, but the im])ortant thing i> 
the clear fact that it has happened in sonn* 
such way as this. In England, glaciers ha\ »* 
probably pulled off and ground away all tin* 
tall, sharp peaks of the hills, and the result 
has been the same as w^e see in any levellin.!; 
operation. The hills have been lessened 
and the valleys filled up by the fallen 
rubble ; and thus the shape of the surface ni 
England has been formed, and the prevail- 
ing appearance is of a quiet undulation. 



THE SOIL THAT IS AT.WAV?^ MOVING 





into place at which^we find it. Soil is continually slipping' down 

how atront P'^tures ; and the picture 6f these treses, with their roots exposed, 

g eat depth of soil has been carried away by the wind and rain, which uprooted the trees. 
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If wc had to give a general description 
of top-soil, it would be the soil as far down 
as cultivation goes —the soil, that is, which 
many roots and worms have penetrated 
and aerated, and ploughs and spades turned 
over. Of course, this is continually parting 
with its substance to the under-soil ; and, 
except for the work of worms, which sets 
the matter right, the very fine soil has a 
tendency to sink and leave the top layers 
coarser than the under. But, generally 
speaking, the sub-soil is so different from the 
top-soil tlmt if it is brought to the top it 
proves for a time very barren, because it has 
little decayed vegetation and few bacteria. 

Why it is Good to Have a Chalk Bed in a 
Garden 

Tlie line between top-soil and the ground 
next beneath is most distinct in the places 
where the chalk comes nearest the surface. 
If wc cut into the surface throngli the springy 
grass that covers the down, wc find the 
roots and surrounding soil lying almost 
like a mat against the white beneath it. 

Now, chalk is of especial interest and 
im[>()rtance. More than any other under- 
lying substance it has helped to give 
England some of its more beautiful country 
scenes ; and certainly no other nn(l<M'- 
soil is nearly as useful for n'storing to the 
top-soil its fertility, h'or hundreds of 
years it has b<*tui the habit of farnuMS 
to dig 11]) the chalk and scatter it over the 
surface, and much loss has occurretl 
because that habit has fallen somewhat out 
of favour in recent years. It is likely 
to become yet more ])opular now, for it is 
known that the bacteria on whicli the 
fertility of the soil greatly dejxnuls cannot 
work without chalk or some hirm of lime. 
The chalk, being alkaline, takes away from 
the gniund the acid or sour nature which, 
above all else, jirevents fertility. Some 
few j)laiils. such as sorrel, thrive in an acid 
land, but they are the ])lants of least 
service to imui and ht ast . Directly the land 
becomes acid the bacteria cease work, 
fallen vegetation does not fully decompose, 
and land falls out of cultivation. 

The Millioas and M itiioas of Shells that make 
the Cliffs of Dover 

Nothing in geology, in the structure 
and building up of tlic ground, is more 
interesting than the chalk and limestone. 
On any piece of Portland limestone we 
can see, preserved in all the cliisclled 
perfection of their graceful patterns, the 
form of the shells of which the stone is 
made up. Chalk is of the same nature as 
the limestone.- Ii is no theory, as many 
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geological beliefs are, but visible fact tha 
the chalk was made of the shells of number 
less animals, deposited year after year oi 
the floor of the seas. 

When we consider the enormous dc])tl 
of some of the chalk downs — as the grea 
ridge of the Sussex Downs, or the grea 
Chiltcrn Down that begins to taper down 
wards at Dunstable — our minds are appallec 
by the thoughts of the ages which it mus 
have taken to deposit year by year thes( 
masses of shells. It could not have taken, i 
has been calculated in res])ect of one ridge 
less than two million years. Chalk seem 
to be of more importance in England tliai 
in other countries ; and how many j)eo])l( 
first sec it in the great chalk cliffs that giiai< 
Dover ! Some people are inclined to thinl- 
that clialk is not a healthy sub-soil to livi 
on, blit there is much reason to believi 
that it is as healthy for men as for animal- 
and ])lants. But possibly different })ei)j)l( 
arc like different trees. The beccli-tro( 
flourishes best on chalk ; while gorsc, on llu 
other hand, is among the lime-hating plants 

The Flints that should Never he Removed 
from the Garden 

In chalky countries will always be fonm 
abnndanci^ of flints. In most chalk-pih 
you may see regular lines of flints, sonic 
timi's small and thin, sometimes thick aiK 
nigg<Hl. 'fhe halt-clay, half-loam of tin 
soil ai)ove the clialk will be full of flints 
'fhesii flints were cintainly formed in tin 
first instance by gradual acciininlatioi 
round some nucleus. We can, indeed, dis 
tinclly see the lines — as it were, the littk 
strata in the flints — where the liquid mineral 
set and liardened. IL is not unlikely that 
much of the soil above the chalk represenb 
what is left from the chalk after it lia*- 
been di.ssolved away. For chalk is one nj 
the most easily destructible of tlie common 
constituents of tlic soil, and disai)j)(‘ai> 
very rapidly when in small particles. 
However, very often this overlying soil 
has (piart;^ sand and other const itneiit:- 
which are entirely distinct from anytliini^ 
in the chalk ; others must have coiik’ 
either from the strata that used long 
to overlie the chalk, or have crept down 
the hill from a distance. 

The flints arc of great iinportanci- in 
these soils. It has been .found that if 
they are continually reinrjved the la ml 
becomes poorer, and quite recently farm rs 
have been refused permission to sell 
flints off their farms. It is difficult to 
imagine any substance less fertile thao a 
flint, but they arc useful to the farimn. 
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because they hold the moisture and pre- 
sent evaporation. If we pick up any of 
he flints that continually come to the 
mrface we find under them, in any frosty 
A’eather, plentiful crystals of hoar frost, 
ndicating their relative influence ; and 
)\ving to this fact the stony fields are 
ound to require less manure. Farmers 
iro apt to believe that these flints con- 
:inually work themselves up from beneath, 
[hit the fact is that the fine soil is worked 
lown, and the coarsest things remain above. 

Ill colour and in composition the most 
Llirect contrast to the chalk downs are the 
[)eaty levels. Peat of a certain sort may 
he said to be made in any grass fielil. 


grains than any other soil ; and where the 
grains are coarsest we find either barren 
lands or lands bearing trees, especially 
pines and firs. On Surrey heaths, on 
uncultivated commons in the Midlands, 
we could almost infer the unkindly nature 
of the soil from an account of the under- 
lying strata in any book on geology. Sand 
is made of sand rocks. 

Clay, which is very common in England, 
is finer in grain than any other soil, ami 
for that reason very close. In most cases 
the clay that the farmer has to deal with 
often conies from beds of underlying clay 
made perhaj^s millions of years ago by 
Nature’s trrinding mills. It may also overlie 



A DKSKRT ARKA WHICH CONSTANTLY CIIANGKS THE FORM OF ITS SURFACE 
I lit' ceaseless process of the lireakiri}' up of rock is well shown in this photograph of an iininensc territory in Mexico, between the Platte 
.mil Missouri rivers. 'I'here is only the scantiest veKctatioii, but the land is Krcally creviced and broken, and the loose sod, deeply 
• uiTDWed by a fall of rain, frequently changes the appearance of the ;jurface, green patches appearing and disappearing freipicnlly. 


riic close turf more or less keeps out the 
dir, and a quantity of roots and rootlets 
do not completely decay. The result is 
that while any field is under grass it is 
accumulating food, if it is not pauperised 
h.v taking continual harvests of grass and 
'-.dven little or nothing back in manure. For 
peat is principally caused by the absence 
>t chalk and the absence of ventilation, 
h.ycry cultivator should know the nature 
df his soil and sub-soil. Excluding peat, the 
rough divisions are only four — sand, clay, 
p^iirl, and loam. These may be said to be 
in order of merit from the farmer’s point of 
and the qualities of. each may be 
briefly summed up. Sand has coarser 


slaty, or crystalline, or even limestone rocks. 
Marl is a mixture of clay and chalk ; 
and, since the one thing that will best 
make a clay soil workable is chalk, their 
su])eriority to the clays may be understood. 

But the soil that every farmer most desires 
is a loam, and the natural loams are nearly 
all soils which have been brought or 
deposited. J^'or loams are an amalgam. 
They contain, as a rule, all the other soils - 
sand that makes the .land workable, clay 
and chalk that contain the proper mineral 
constituents. For the most part they are 
the gift of rivers, and the rivers have left 
them neither too loose nor too solid, with 
no one substance in excess. 
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THE GORILLA, THE TERRIBLE CREATURE THAT HAS NEVER BEEN CAUGHT ALIVE FULL GROW^ 

The gorilla makes its home in the twilight of dense forests. So terrible in its strength is this 
creature that men who have lassoed the rhinoceros and roped the lion shrink from a full-grown gorii'^i- 
j68 


CROUP 5-ANlMAL LIPE-THE STORY OF MAN*S ANCESTORS AND ALLIES- CHAPTER 


STRANGE THINGS LIKE MEN 

The Curious, Intelligent, and Terrible Creatures which 
Parted Company from Man in the Twilight of the World 

THE LIFE-STORY OF MAN’S POOR RELATIONS 


M an and his poor relations — the apes, 
monkeys, and lemurs — form the first 
order of mammals. Man has naturally a 
])lace of his own in this work, and here arc 
lo be treated the great families of the animal 
kingdom which share the earth with the 
lord of creation. While we shall not, in a 
})()])ular work, follow the rigid classification 
of the scientists, we may glance, for a 
inoinent, at the arrangement of this first- 
(lass order upon which scientists have 
agreed. With man as the first family, the 
man-like apes form the second, arranged 
in three groups — the chimpanzee and the 
gorilla, the orang-utang, and the gibbon. 
In the third family arc the Old World 
nn)nkeys and baboons; in the fourth arc 
th(^ American monkeys; in the fifth the 
marmosets. That is the first sub-order of the 
Primates, and the lemurs form the second. 

We shall glance here at some of the lead- 
ing members of these various families of 
animals so near to man, representing 
something over two hundred known species. 
Many circumstances conspire to make the 
ord('r the most interesting of all the divisions 
of the animal world. We no longer seek 
to Inde the resemblance between the anthro- 
poid apes and man ; rather we take a fearful 
interest in tracing it. The man-like ape is 
dmply a grim, repulsive cariacture of man. 
1 Ik* higher ape is man's tragic might-have- 
b‘ on. Descended from a common stock, 
the apes and man diverged at some far-aw^ay 
l»oint in the twilight which preceded the 
onwn of humanity. They travelled by 
paths progressively divergent ; the differ- 
o rices become accentuated with time, and 
the contrasts become more emphatic. 

1 he nearest of our poor relations is the 
chimpanzee, which inhabits a fairly wide 
I a nge of tropical Africa. Its points of close 
'• ^ernblance to man are more numerous 
trail those of any other of the apes. 


Its canine teeth are less formidable ; 
there is less disparity in size between the 
adult male and female ; the bony pro- 
tuberances over the eyes are less con- 
spicuous ; the whole structure of the animal, 
though true to the simian type, is less 
grotesque and forbidding than that of 
the gorilla or orang-utang. In height it 
is inferior to the gorilla, for, whereas 
the largest known chimpanzee is not over 
five feet high, a gorilla shot within 
recent years, near Tonsu, in the Came- 
roons, measured no less than six feet nine 
inches. 

The body of the chimpanzee is thickly clad 
with hair of a dark hue, with lighter hairs 
here and there, and in some species is 
parted so evenly over the forehead as to 
suggest, at first sight, some attention on 
the part of the animal to its toilet. The ear 
is large and coarse, less like the human 
organ than the gorilla's, the nose is hope- 
lessly dej)resscd, and shorter than the 
gorilla's. The skin of the forehead is deeply 
wrinkled, and the animal has eyebrows and 
eyelashes. The chimpanzee, in common 
with the other apes, is tailless, but this 
animal has the arms shorter than the rest 
of the family. As the chimpanzee stands, 
its arms reach but little below the knee ; and 
we remember that it was a boast of Rob 
Roy that he could fasten his garters below 
the knee without stooping. 

The home of the chimpanzee is the low- 
lying equatorial forests, but in one district 
it is found far up the tree-clad mountain- 
side. Though some chimpanzees will eat a 
mixed diet in captivity, all of them when at 
large appear to subsist upon the wild fruits 
which flourish about their homes. They 
will, however, boldly visit cultivated areas, 
attracted by fruits of which they are fond. 
This is the only time, in ordinary conditions, 
in which they are brought in conflict with 


S~^ROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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human beings. They will make their escape, 
if possible, but if brought to bay they will 
seize a man and inflict a terrible bite. 
Livingstone states that when compelled to 
battle for the protection of their young 
against a leopard they will bite off the paws 
of the assailant ; then retreat to a tree, 
moaning over their own wounds, and 
remain there until death releases them 
from pain. Though a slow-moving animal 
on the ground, where it can neither gallop 
lior run on all-fours, nor make progress 
upon its hind legs without support from its 
hands, the chimpanzee moves rapidl}' along 
the branches of trees. 

The characteristics of the chimpanzee 
are best studied in caj^tivity. Every zoo- 
logical society of note has living specimens 
in its gardens. The London Zoological 
Gardens are fortunate in possessing six fine 
representatives, one of which has been in 
residence some thirteen years. On all 
hands it is agreed that the chimpanzee is a 
most intelligent and affectionate beast. 
With increasing years its temper may 
develop a certain sullenness, and its moods 
become a little dangerous, but to those 

familiar with its 

ways it is seldom 
very formidable. 

Many e x j) e r i- 
ments have been 
made with a 
view of testing 
the intellectual 
capacity of this 
ape, and Pro- 
fessor Romanes 
s u c c e e d e il in 
having the 
famous “ Sally ” 
taught to count 
up to five. If 
asked for any 
number of straws 
up to that total, 
she would place 
them, one at a 
time, in • her 
mouth, and when 

the requisite qnk chimpanzek feeding 
number was 

reached would hand the whole to her 
keei)cr. Afterwards, the keeper continued 
the tuition with a view to extending her 
knowledge of numbers to ten, but though 
slie was, as a rule, infallible up to five, and 
fairly dependable up to six, beyond that 
the results were mainly speculative. 

Mansbridge, the head-keeper, who taught 


Sally, is still in charge of the apes at the 
Zoological Gardens, and has since made 
many interesting experiments with the 
chimpanzees in his keeping, and though he 
has not obtained further results of this 
character he finds the chimpanzee the most 
educable of all the apes. 

The educability of the chimpanzee is 
proved by the surprising performances of 
many animals exhibited at places of amuse- 
ment. Bicycle-riding and roller-skating 
are among" their accomplishments. They 
readily accustom themselves to clothing, 
to eating with a spoon from a plate or a 
cup, and, after a few lessons, they behave 
with the gravest decorum at table. Brehin 
had a chimpanzee which responded with 
sounds expressive of pleasure to a voice 
that he knew. This animal was busy all 
day long in his room, using brush and 
duster, opening and shutting drawers and 
examining the contents, amusing himself 
by postures and grimaces before a mirror. 
Brehm, who urged the right of the cliini- 
panzee to the first place in the scale of animal 
intelligence, asserted that his chimpanzee 
was actually a judge of human character, 

adding: “A 

thorough but 
accom plished 
hypocrite, who 
deceived me and 
others, was all 
along a horror to 
the chimpanzee, 
just as if he had 
seen through the 
red-headed rascal 
from the first.” 

Mansbridge has 
among his jiro- 
teg^s a chim- 
panzee which, 
when sufferin}; 
from two ab- 
scesses on the 
neck, would sit 
up without re- 
straint to be sur- 
gically treated, 

another with a spoon kcepci 

approached, ob- 
viously with, a view to the ape's treatment, 
would point with his finger tp the wounds, 
as though to remind his master of his diitv. 
Brehm's chimpanzee showed: equal intelli- 
gence under similar conditions. Tv<> 
surgeons, who were on good terms with the 
ape, did their best to overpower the po^^r 
brute and to operate, but this was 
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impossible. Where force failed, however, 
persuasion succeeded. 

“ When the ape was quieted and re- 
assured by the coaxing of his keeper, he 
allowed a further examination of the swell- 
ing, and even submitted, without twitching 
an eyelid or uttering a complaint, to the 
use of the knife, and other painful treat- 
ment. When this 

was done an unmis- 
takable expression 
of relief passed over 
the sufferer's face, jf: 
and he gratefully 
held out his hand to 
both physicians, and 
embraced his keeper, 
without having been 
asked to do either. 

When other compli- 
cations caused the 
ileath of this ape, he 
(lied fully conscious, 
gently and peace- 
fully, not as an 
animal, but as a 
man dies." 

This docility 
under treatment is 
characteristic of the 
grown chimpanzee, 
but if its trial 
sliould C(^me early 
in life it remains 
to the end of its 



ever will, for such is the giant strength and 
ferocity of the animal when assailed that 
even men who have lassoed the unruly 
rhinoceros and roped lions in their lairs 
shrink from the task of making prisoner a 
full-grown gorilla. 

The usual number of travellers' tales 
have gathered about the gorilla, such as his 
beating elephants 
with clubs, his cap- 
turing men and 
women, his seeking 
the natives' fire 
when its owners 
have quitted camp, 
but all these, with 
the stories of 
his unprovoked 
savagery towards 
all other forms of 
animal life, have 
been contradicted 
by the reliable data 
which, piece by 
piece, has been 
gathered to form 
the sum total (jf our 
knowledge of the 
beast. It had long 
been believed that 
the gorilla dwelt 
invariably in trees, 
or that the female 
with her young 
made her rude rest- 


days a timorous, famous cm 

ahnghted creature, 

re(|uiring the most careful handli'ng. 

Although three and a quarter centuries 
have elapsetl since an Englishman first saw 
a gorilla, we still know surprisingly little 
(^f the habits of this man-like monster of 
the woods. The reason is that the gorilla 
makes its home in the dense forests of 
Kcluatorial Africa, in a perpetual twilight, 
and in an atmosphere like that of a con- 
servatory devoted to exotic plants. The 
climatic conditions are almost intolerable 
to a European, and even if these be borne 
tlie surroundings are so dark and gloomy 
that careful observations of animal life 
yan only be made with extreme difficulty. 
To secure a comprehensive study of the 
gorilla’s natural history, we should have 
to render a second Herr Schilling proof 
J^gainst the physical consequences of resid- 
ence ill a malaria-haunted forest, and arm 
him with a flashlight camera. No adult 
specimen of the genus has ever been seen 
in captivity, and it is unlikely that any 
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tree while the male 
reclined, lightly sleeping, on guard at the 
foot, but we now know that the gorilla 
will, at times, roughly bind together a 
])latform of vegetation on the ground, 
and there ]iass ti>e night, with the female 
and young similarly accommodated close 
by. That these animals arc proficient 
climbers is beycjnd dispute, and their- 
jdiysical equipment, despite the vast bulk 
of the male, is ideally adapted to arboreal 
existence. The huge hands and the pre- 
jjensile feet, the enormous power of all four 
limbs, supported by a frame of incomparable 
strength, render the gorilla the king of 
forest life. 

Happily, in the haunts to which he is 
restricted, there is little to challenge his 
supremacy. In his steaming forests little 
more than the occasional note of a bird 
gives suggestion of life other than his own, 
and the mightiest of the Primates lives, 
with his mate and offspring, solitary and 
terrible, a nightmare representation of the 
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handiwork of nature in horrific mood. 
This hideous monster of the forest twilight 
ai^proaches in the shape of the brain and 
cars more nearly to man than any other of 
the apes. Like the chimpanzee, its wrist is 
fashioned on exactly the same plan with our 
own, a respect in which it differs from the 
other primates. It has a better developed 
calf than the other apes, and, though it has 
one pair (d ribs more than man, it agrees 
generally with the rest of the simian family 
in its extraordinary structural resemblance 
to human beings. " The vast and gloomy 
brows, and the immense tusks, or canine 
teeth, the hideous nose and protruding jaws, 
make it the vilest of vile caricatures of man. 

Ihe Fear of the Gorilla that will Drive it 
from Man's Presence 

It is a convention to declare the gorilla 
invincibly savage and wantonly ferocious, 
but lat(‘r gleams of light upon the subject 
■^how that it shares llie nervous abhorrence 
af man common to the majority of wild 
animals, and that it will flee his*^ presence 
as ra|)idly as the most timorous monkey. 
If unable to escape, then its rage is un- 
doubtedly fearful ; and at close quarters 
its inighly grij) and terrible teeth make the 
mimal a fo(^ whose proximity the stoutest 
luinter might be glad to avoid. But the 
nature of tiie l)rule is not to be judged 
from conditions such as these. Kven a rat 
it bay will (ly at a man*s throat, and a 
lainty little squirrel will bite in terror the 
Kind which holds it. The young gorilla 
s as docile, tractable, and gentle in cap- 
tivity as could he desired. Unfortunately, 
there has been little opportunity for 
)bserying the animal in j^iiblic in London. 
W'ithin the past (piarter of a century the 
Zoological Garileiis have caged six young 
^orillas within their houiKlaries, hut the 
nost painstaking efforts have failc<l to rear 
them, and not one of tlie six has survived 
long enough ti) recover from the effects of 
jnproi)er feeding and the long journey 
from the distant forest home. 

A Younfc Gorilla on Board Ship which 
Knew it was Doing Wrong 

All hope has been abandoned of rearing 
i gorilla in confinement, unless the creature 
las been kept captive near its birth]>lace, 
uid sliAvly accustomed to hand-feeding 
incl restraint, before beiiig submitted to 
he ordeal 'of travel and strange food, 
eading to (luarters in a climate as unlike 
hat of an African forest as a summers 
lay is unlike mid-November. 

However, though experiences with the 
:orilla have been unfortunate in London/ 
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we know sufficient of the disposition of the 
animal, in its tender years at all events, 
to realise that it possesses a type of mind 
similar to that of the chimpanzee, readil\ 
acquiring habits of sociability, good table 
manners, and the desire to romp and pla\ 
with human beings. Something of the 
roguish guile of the child was displayed l)\ 
a young specimen taken to (iermany In 
Herr Falkenstein. This little creature was 
practically free of the ship by which it 
travelled, and was a general favourite. 
When it desired to have sugar or fruit, 
which it knew to be stored in a certain 
cupboard, the gorilla would suddenly (}uit 
its i>lay and pretend to go in an o])])osite 
direction, only altering its course when it 
believed itself to be no longer under observa- 
tion. Then it would dart to the cup- 
board, open the door, and with a dexterous 
snatch secure the article of which it was in 
search, sometimes closing the cuphoanl 
door before enjoying its plunder, or, if 
discovered, making its escape with its lx)oty. 
The whole behaviour of the animal, at 
such a moment, made it clear that he was 
conscious of wrongdoing. 

The Long Jourivsys of the Orang-Utang in 
the Trees of its Native Forests 

The man of the woods,” as the Malays 
call the orang, is a native of Borneo and 
Sumatra, of ))owi*rful but ungainly build, 
distinguished from the other apes by its 
brown skin, red hair, and small ears. The 
arms are of such length that when tlu‘ 
animal stands erect they reach almost to 
the ground. The short, thick legs are so 
fashioned that the knees turn outwards, 
with the result that the animal walks on 
tlie sides of its feet, with the soles turned 
inwards. Thanks in the main to Dr. Alfred 
Russel Wallace, we are fairly familiar with 
the life of the orang in its native wilds. 
It is essentially a tree-dwelling animal, and 
travels considerable distances through the 
unbroken forests without descending to 
the ground. Though lacking the agility 
of the gibbon, it progresses at a surprising 
pace, hastening without hurry from tree- 
top to tree-top, testing each branch before 
transferring its weight to a new position. 
This method of progression would be im- 
possible but for an abnormally long arm, 
and the utility of these remarkable limbs 
is further evidenced by the aiiimars method 
of gathering its food from extended slender 
boughs upon which the entire weight of the 
body could not be borne. 

Structurally the orang is in some par- 
ticulars farther removed from man than are 
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the chimpanzee and the gorilla, but in its 
“ human '' attributes it approaches as 
closely to the human as its relatives. The 
young orang displays a lively affection for 
human Ix'ings; and though it may be rather 
difficult to manage as it advances in years, 
it remains still a playful beast, a romping 
child in the guise "of a monster. Dr. 
Wallace’s story of his attempt to rear a 
young orang reveals traits in the animal 
which couhl not but recall to the j)hiIo- 
sopher’s mind those of a human child. 
The animal cried and screamed when placed 
in its cradle; itshow<'d unmistakable satis- 
faction whi'ii nursed 
and fed, hut resented 
witli vehement j)rot('st 
any attempt to impose 
upon it food it did not 
like. It was Iiapjiy in 
its hath, happier still 
when hav'ing its coat 
dried and brushed. 

The young orang, like 
the young of tlu‘ other 
man-like aj)es, is com- 
paratively helpless ; it 
owes its safe emer- 
gence from the perils 
of infancy to the care 
and affection of its 
mother. 

'File T-ondon Zoo has, 
at the time of writing, 
two very line adult 
orangs, the larger of 
which has occupied its 
j)resent (piarters 
or six years, 
having spent 
longer i)eriod in 
tivily at Singai/v^n . 

Nei tiler of these ani- 
mals shows anything 
t)l the ferocity whicii 
at times characUnises 
the adult orang when at liberty. It is fair, 
then, to assume that the orang, though 
conscious of its great physical powers and 
its ability to inllict injurv with its huge 
teeth, is by nature peaceful and gentle, unless 
provoked to rage by iiltei ferencetor attack. 

No reference to the orang woukl be 
complete without mention of the famous 
“ Jenny ” which the T.ondon Zoo once 
po.s.sessed. This animal, nk( 11 use now m 
residence, showed distinct traces of humour 
and an absorbing love oi play. Hy its 
gentleness and ap'pealing ways “it endeared 
itself t * a distinguished circle of humaii 
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admirers, among whom was Sir Richar* 
Owen. A fascinating little picture occui 
in Owen’s biography, descriptive of ; 
Christmas morning visit to “ Jenny.” 

'' She certainly attempts speech as far a 
her ]>owers admit,” Owen wrote. ” Whci 
she is fond of a person, she puts her long 
strong arms round his neck, and makes . 
curious noise, like an attempt to utt( 
caressing words, opening the lips and moviiii 
them, as though trying to make certaii 
sounds. She produces a sort of murinin 
which one might easily translate into kim 
expressions. To-day she took a' fancy 
when out of her cage 
to look out of tin 
window, and slyl\ 
creep along till, nndci 
Ihe jiretcncc of friciul 
ship, she got there. 

” The keeper jirc 
tended to be olfiuidt'c 
at her not com in;, 
when he called, aiK 
she ran up to him, put 
her arms about tli^ 
neck, whispering t(. 
him and kissing him. 
till he seemed to for- 
give her.” 

The present keeper 
and his great lumber- 
ing ])ets at the Zoo 
ran afford exhibitions 
just as interesting. 
To SCO ” Sandy,” the 
larger orang, forgivi* 
liis master after a mock 
(jiiarrel, shaking hands 
and kissing him, is 
sufficient c v i d c 11 (' e 
that the last of orang 
intelligence and gentle- 
ness of disposition 
did not die with the 
lamented ” Jenny.” 

The gibbon, although it is the only ape 
which hahitually walks in an upright 
l)osition, is the least cxalteil of the higher 
apes. Its head is the most human in sliapt\ 
but it l^ears the mark of the monkey in the 
form of naked patclies upon the buttocks. 
The body is short and light, and the aims 
are so long that the aj^c, as it walks, can 
touch the ground with its knuckles. Ihit 
it has progressed beyond need of assistance 
of that kind. It shuffles valiantly along will^ 
head erect, using its arms only as balancers, 
unless there should be some convenient 
overhead support, when it will grasp tliat 
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support, be it bough or bar, as an additional 
help. The largest of the gibbons, of which 
tlicrc are eight species, is only about three 
feet high, while the smaller species, in the 
adult stage, reach only two feet six inches. 

When moving about on the ground, the 
gil^bon always ap- 
pears in a desperate 
hurry, as if afraid 
that its head might 
rt^ach its destination 
in advance of its feet, 
and as it shuffles 
l)riskly along, with 
its arms waving 
ludicrously in the 
air, one might fancy 
it a child in furry 
“ tights,” balancing 
a heavy weight on 
its head. But, if 
awkward and uncer- 
tain when on foot, 
the gibbon is master 
of a form of poetry 
of motion when at 
home ill the trees of 
its native forest. All 
the members of tlie 
family — which is 
restricted to the 
warmer ])arts of 
South - East Asia — 
are expert climbers, 
but the agile gibbon, 
ill its swift, unerring 
flight from tree to 
tree, has no rival, 
save the birds. The 
lightness, grace, ease, 
and s])ecd of its ])ro- 
gri'ss are indescrib- 
able. When on the 
move among the 
trees, these apes do 
not climb with the 
eaution which cha- 
racterises the move- 
ments of the other 
they spring 
horn bough to bough 
'V i t h " amazing 
^trengtli and speed. 

Hanging at full stretch by one hand, they 
k‘«ap to a distant branch, which they catch 
^vith the other hand. Without an instant's 
|>ause a second leap follows, when the hand 
hist used is again brought into play, and 
then on uninterruptedly, each hand 
employed alternately, the leaps covering 
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from ten to thirty feet, according to the dis- 
tance of the bough at which the gibbon aims. 

Any one of these longer aerial flights 
would be astonishing, but one marvel 
follows another until the eye of the observer 
can scarcely follow the flying animal. Tlic 
absence (d effort 
with which the 
jum|)s arc made, the 
rapidity with which 
a bough is specially 
selected, so as not to 
check the swing of 
the flight, the ease 
with which the crea- 
ture can twirl itself 
round a branch, sit 
at ease, and resume 
the journey without 
a second's delay, are 
achievements wliich 
leave the most ac- 
comidished human 
gymnast duinb- 
foimdered. As we 
watch its passage 
through the air, we 
arc not surjirised 
that this animal 
should be able to 
catch a bird on the 
wing, a feat of which 
there is more than 
one record. The 
exploit suggests a 
purpose, and it is a 
fact that the gibbon, 
while mainly a vege- 
tarian fei‘tier, will 
eat young birds as 
well as insi'cts. 

Though gifted with 
a less highly f)rgan- 
ised brain than the 
rest of the apes, and 
(lis[)()setl to over- 
powering nervous- 
ness which impels it 
to bite even those 
with whom it is 
ordinarily on most 
friendly terms, the 
gibbon is gentle and 
affectionate, and makes an engaging pet to 
those whose nerves are proof against the 
extraordinary volume of the cries with 
which it acclaims the morning and the 
night. In spite of the trying nature of 
the English climate, two of* these animals 
at the London Zoo regularly enjoy the 
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liberty of outdoor cages during summer, 
and do very well in these conditions. There 
is a good understanding between them and 
their keeper, who has managed to regularise 
tlie gymnastic zeal of one of them so as to 
induce it to give astonishing exhibitions of 
disciplined agility. 

*'Niiture has h(*en j)rodigal in plan and in- 
vention in dealing with the monkey groups. 
Nearly all the colours of the rainbow seem 
to have been given to some members of the 
family. We find them with flesh-coloured 
faces and hands, and nails as rosy and 
daintily shaped as any that engage atten- 
tion in the boudoir. They are black faced, 
grey laccid, l^rown faced ; whiskered, 
smooth, and puckered ; some with clastic 
cheek ])<)uclies, into which an assortment 
of food may be crammed for future use. 
They vary in size from 
that of a well-propor- 
tioned mastiff down to 
the mod(‘st dimensions 
of the S([uirrel. Some 
have tails of gi(‘at 
lengtli and stoutness, 
some have tails as 
short and mis-shapen 
as that of a thorough- 
bred bulldog ; others 
have no tails at all. 

Noses j)lay an even 
more iin])ortant ])<n*t 
among monkeys than 
is allotted to them in 
a famous chajiter of 
“ 'I'ristram Shand\-.” 

Nasal organs of all 
sorts and sizes and 
shapi's ap)>ear among 
them, from the little 
snub nose, hardlv wortli calling a nose at 
all, to the formidable organ of the pro])oscis 
inonkt'y, wliich must at oik' tinu* have had 
a reasonablt' chance of dev(*loping into a 
trunk. Ihit tliere is i)ne feature concern- 
ing the nose whicli the veriest tvro in 
zoology values. Here is a sign})osi point- 
ing to the ]dace of the monkey’s origin. 
To the Old World monkeys and baboons 
the term catarhine is apjilied ; the New 
World monkeys and the marmosets are 
grouped as ])latyrhine. 'riu' noses of the 
former have the lujstrils close together and 
directed downwards ; the nostrils of the 
New World monkeys and marmosets have 
the nostrils widely separate* i an • directed 
outwards. 

We have three clear points in resj ect of* 
which the Old and the New World monkeys 
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differ. There is this difference as to the 
formation of the nose ; there is the fact that 
only American monkeys have prehensile 
tails, and there is the fact that, although 
not all Old World monkeys have check 
pouches, none of the American species 
possesses tliem. 

The Old World monkeys and baboons 
constitute the third family of the primates, 
and are in eleven groups. First in our 
classification come the langurs, which, 
abounding in India, Ceylon, and Burma, 
are found also in part of China. There are 
fourteen species, all of slender build, with 
tails which may sometimes exceed the entire 
lengtji of head and body. The best known 
of the genus is the hanuman monkey, the 
animal which every pious Hindu holds 
sacred. The consideration and fricndshij> 
which he has ex- 
})(!ricnced at the hands 
of the natives has 
made the hanuman the 
boldest of monkeys, 
and Hindu piety has 
been sorely tried, as 
troops of these animals 
have raided stores and 
shops whose owners 
dare not, for the sake 
of their faith, engage 
in reprisals. 

'fliis monkey, great 
thiet as he is, makes 
some return for the 
toll that he levies, for 
friendship towards 
man seems now in- 
herent in this species, 
with the result that 
in the wildest forests, 
remote from city life, the hanuman regards 
the appearance of human beings with favour, 
and, hovering overhead in the trees, is an 
infallible monitor when a tiger is in the 
vicinity. 

When we reach the true baboons, we find 
Nature in her wildest, most garish mood. 
The baboons are the lowest of the Old 
World monkej^s, and the Greeks and Romans 
discovered the canine character of the head 
and muzzle when they named thefti th(‘ 
“ dog-headed " baboons. Their coarse, 
elongated heads, armed with teeth as 
formidable as many a carnivore’s ; the “ all- 
fours ** gait permanently adopted; the 
vivid colours of the naked buttocks and 
muzzle, conspire to make the baboon one 
of the most hideous of living animals. 
There are six species of baboons in all, each 
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one confined to the Old World, but 
I xc'luded from the Oriental region. 

They live in herds of varying numbers, 
experience having taught them the value 
of co-operation, whether robbery of culti- 
\;itecl plots be their object, or defence 
against a common foe. Although in the 
iiuiiu dependent upon a vegetable diet, 
ilioy will cat practically , . , 

anything eatable, from 
lizards, birds and their 
t jrgs, to ants, scorpions, 
and centipedes. They 
are four-handed like the 
rest of the monkeys, 

])nt their extremities arc 
l)cttcr adapted to pro- 
i^n'ss on the ground than 
io arboreal life. Some 
of them are very poor 
rliiiibers, although this 
does not apply to tlicir 
j)orfonnances among llie 
rocks, where they can 
travel with astonishing 
s])eed. In the open th(\v 
never adopt the u])right 
gait, except when sitting 
at rest or brought to 
bay. At bay they sit 
lip, and an assailant 
n'alises that the fore- , 

|)a\vs, which have so 
swiftly carried the ; 
animal in its llight, 
have suddenly re- 
verted to the fiincth jii ‘ 
of hands — excellent 
gras])ing implements 
by wliich a victim is 
drawn with great ■ 
lorce to the baboon’s 
terrible jaws. It is ; 

«>ne of these animals, 
the mantled baboon, 
n Inch we find sculp- 
fiircd on Egyptian 
nioiuiments, and this 
fuiinal was amongst 
those reverenced and 
‘I ccor de cl funeral 
honours. Neverthe- 
less, the Egyptians combined utilitarian 
ends with tlieir veneration, for sculptures 
^how us that they taught the baboon to 
elimb trees and hand down the fruits to 
"hives waiting below. The range of this 
particular species embraces the countries 
bordering on the Red Sea littoral and 
the Upper Nile valley, but the baboon 
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tribe is widely distributed over the whole 
of Africa, the bold and pugnacious chacma 
in South Africa, the yellow baboon in 
West Africa, the mandrill in Western 
Equatorial Africa, forming conspicuous 
features of the fauna of the Dark Con- 
tinent. The mandrill is, indeed, one of 
the show-pieces of the African continent. 

A beast of immense 
power and ferocity, he 
equals in grotesqueness 
the wildest imagination 
of the artist in mytho- 
logical creations. With 
its extraordinary colora- 
tion, this animal is (piite 
without parallel among 
mammals. Its jaws are 
little less to be feared 
than those of the leo])ard, 
against which mandrills 
combine for defence. Its 
limbs, though compara- 
tively short, are massive, 
with ample bone ami 
magnificent m u s c I e. 
Brutal and revolting as 
is the mandril I’s appear- 
ance, the animal com- 
mands respect for a high 
type of intelligence. The 
.. same may be justly 
said of all the ba- 
l)oons, for, though 
they arc the most 
repulsive of all the 
}>rimates, they are 
entitled to considera- 
tion as having dis- 
tinctly devclo])ed 
their brains. They 
dwell in the midst of 
powerfid carnivorous 
enemies — lions, leo- 
pards, hvienas, and 
jackals — yet such is 
, their courage and 
• skill in concerted 
‘ defence that they 
^ have survived the 
])erils ot the ages, 
to remain to-day a. 
force with which cultivators of the soil have 
seriously to reckon. 

The spider-monk(*.ys arc as much superior 
in point of activity to the rest of the 
monkey world as the agile gibbons are 
superior to the rest of the apes. * But 
their pre-eminence arises from a different 
qualification. The gibbon’s hand is a better 
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instrument than the hand of this monkey, 
in wlioni the hand serves for little more than 
a iiook by which to swing from branch 
to branch. The tail is, however, a remark- 
able instrument, furnished with so keen a 
sense of touch that witli it the monkey 
can convey foo<l to its mouth, or employ 
it ns an instrument for extracting food 
which the hand cannot reacli. Most im- 
portant, liovv(^ver, is the function of the tail 
in climbing. The spider-monkey uses his 
tail even more than his limbs in making his 
way about the trees in which he lives. 
The tail grips whatever it touches, so 
tliat ol)servers have declared that it might 
almost poss(*ss the gift of sight. By its 
aid the monkey can hang head down- 
wards, can drop considerable distances, 
ami catch a lower l)ranch without the 
employment of hands or 
fei‘t ; while in making pro- 
digious leaps Irom tree to 
tret* the animal relies fully 
as much on the grip of the 
tail as on feet and hands for 
its safe landing. It is ])erhaps 
fitting that this strange modi- 
fication should occur in an 
American monkey, a native 
of a land in which so many 
remarkable inventions have 
had their rise. 

The term spider-monkey 
describes, it is scarcely neces- 
sary to add, not the habits 
of the animal, but the charac- 
ter and action of the limbs, 
wliieh are long and S})ider- 
likt*. It is not a little 
singular that the spider inon- thk ykt.l< 
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of which carry their young on their 
shoulders. Arrived at a point at which 
the branches of neighbouring trees do no! 
touch, the leader suspends himself by hi-, 
tail, and, letting himself down, swings to 
and fro until he is able to grasp the neigli 
bouring branch. The rest of the parts 
follow suit, one by one, each at the point 
chosen by the patriarch of the family. 

The true primates end with the mar- 
mosets, which resemble squirrels in form 
and habits ; but, though the nails are so 
unlike those of the monkey as to be true* 
pointed claws, instead of flattened nails, 
the face is that of a tiny monkey, and tlu* 
teeth are thoroughly a])e-likc. The fcinah* 
gives birth, as a rule, to a litter of two or 
three, therein showing more affinity with 
the lower animals than with monkeys, 
which usually give birth 
to but a single young oik* 
at a time. The marmoset, 
though nervous and apt 
to bite when alarmed, is 
popular as a pet, not only in 
colder climes than its owm, 
but in the vicinity of its 
native home, where native 
women are known to carry 
these little animals about 
with them, some secreting 
tliein in their bosoms, others 
hiding them in the luxuriant 
coils of their hair. 

Relegated to the second 
sub-order of the primates, 
the lemurs and lemiir-likc 
animals are one of tlie most 
interesting sections of tlu* 
T BABOON animal world- not so much, 
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more at ease upon the grouml than many 
of their congeners, assuming an upright gait, 
and using the tail, curled into the' form of 
the letter as a balance. 

The howh'is remain to be noticed. Six 
clearly defined spi*cies are known, each 
disliiignished above all other ]>rimatos, 
except the gibbon, for the ]U)\vei of its voice 
and the persistence with which the creature 
exercises it. SunSet'and sunrise are alike 
proclaimed in deafening 'chorus, in wdiich 
one voice of spi'cial resonance is said to lead. 
I-ess active than the spider monkeys, the 
howlers have prehensile tails, and use them 
to bridge gaps between -nu ueeand 
another. They move over the tops of trees 
in orderly procession, an adult mc^le 
gener^Uy leading a party of females, some 
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their history and mystery. To-day they 
form the connecting link between the 
monkeys and the insect-eating animals ; 
but in that far-off epoch when new^ species 
were being fashioned, the lemurs, or a 
lemur-like ancestor, gave rise, it is believed, 
to all the primates. Superficially tlu* 
resemblance between the lemurs and the 
monkeys is not immediately conspicuous. 
The lemur head is fox-like, and devoid ol 
expression ; the general form and gait 
suggest the true quadruped. But the 
points in which the anatomy of the lemur 
agrees with that of the monkey leave no 
doubt as to the lemur’s being rightly in- 
cluded in the group of animals all four ol 
whose limbs terminate in prehensile hands. 
Some fifty species of lemur-like mammals 
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are in existence, but though a few strange 
examples of the order may be found in 
Africa, in Southern India and Ceylon, in 
the island of Celebes and the Philippines, 
the real home of the group is Madagascar. 

The ghostly nocturnal movements of 
some of these silent-creeping animals, 
coupled with the glare ol the large staring 
eyes, fill the natives of Madagascar with a 
superstitious awe; hence the well-being of 
tlie lemur, which is so abundant that every 
copse in Madagascar is said to contain at 
least one. 

We find a. striking variety of size, form, 
and habits among the lemurs, many 
characteristics (piite unexpectedly appearing 
in the grouj). 

From the adult indri, which measures 
twf) feet from nose to root of tail, we range 
down to the mouse lemur, which is almost 
as small as its name implies. We have 
lemurs whose agility challenges comparison 
with the monkeys ; and lemurs, such as 
the slow lemur and the loris, whose move- 
ments are a model of deliberation ; lemurs 
which walk by day, lemurs which creep by 
night ; herbivorous lemurs, carnivorous 
lemurs; noisy, boisterous lemurs, and lemurs 
which never utler a sound except when 
angered or alarmed ; lemurs which refuse 


The ape brain is, after that of man, tin 
highest yet, and it would be presumptuou , 
to declare it incapable of further develoj) 
ment. With all his mental limitations, thi* 
monkey shows strikingly human traits, and 
even his ill-temper in captivity and his 
inability or unwillingness to “learn,” an 
ex])licable on other grounds than that of 
lack of intelligence. 

There may be recalled an instance from 
the “ Spectator,” in which arc detailed the 
exploits of a certain imp of mischief, named 
Jeremiah, to match the gloomy features 
which masked the fount of roguery behind. 
Jeremiah and his master had to move from 
one. Indian military station to another, ami 
the monkey, at the beginning of the journe\ , 
was given a seat in a new dogcart which his 
owner was taking, but he was speedih’ 
ejected as punishment for his destruction ol 
one of the cushions. Thereafter Jeremiah 
was condemned to travel on foot, and 
arrived at the end of the day travel- worn, 
hungry, thirsty, and sad 

Instead of eaTirig the siippci which was 
placed before it, the monkey sought out the 
biggest of a |)ack of outcast dogs which had 
assembled on the outskirts of the camp. 1 1 
led the dog in, and gave it part of its meal. 
Next morning Jeremiah shared his breakfast 


to <|uit the trees unless compelled to cross 

a hare patch of ground p- ^ 

to fresh (piarters. and F 
leimirs whose habitat is 
rocky enough to rejoice f 
the heart of a baboon ; ! 
lemurs with long, bushy 
tails, lemurs with short 
and stumpy tails, lemurs 
with no tails at all. In 
fact, Nature seems to 
have, rung the changes 
iij^ou lemuroid forms as 
completely as upon the 
pouched mammals of 
Australasia. 

Some attempt has 
now been made to ])ass 
in brief review the chief 
gi‘ou])S into which the 
various primates fall. It a tyiucai. amkrk 
remains to see to what hkowxV s 

extent these animals resemble man in points 
other than i)h\’sical. The. lemurs and 
marmosets may be left out of account, for, 
the lowest in i)hysical and mtmtal organi- 
sation, they arc the least intvlligenl of 
the great group to which they belong. The 
psychology of the monkeys and apes u,' 
however, quite a different matter, 
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with his iK'w friend, and paved the way to 
its accompanying him 
on the day*s march. 
Presently it jumped on 
to the clog’s back, and 
rode triurn])hant. Kaeli 
clay the trick was re- 
located, the monkey feed- 
ing ,liis canine chargei-, 
and completing the 
eighty miles’ journey on 
its back. Jeremiah’s 
unrehearsed, untaught 
manoeuvres go far to 
justify' the view that 
the monkey has a higher 
order of intelligence than 
the dog. 

The monkey’s percep- 
tive faculties arc cx- 
. AMKRicAN MONKKY, THE ccptionally kceu. It 
jcRowxV SAPAjou distinguishes instinc- 

tively between those whom it has cause to 
fear and those whom it has not. ,A distinct 
evidence of this was afforded in August, 
1911, by a monkey which escaped from the 
establishment of a London dealer in wild 
animals, and betook itself to the housetops. 
It was in vain that the proprietor and his 
assistants sought,, by every persuasive 
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inrtluul known to them, to get near llie 
fugitive. He knew the meaning of their 
l)l:iiKlishmcnts, and refused to be charmed, 
liut he went voluntarily, day after day, 
to l)ackyards and street corners where 
cliililren offered liim food ; he paid daily 
visits to an eating-house where patrons 
tlirew him morsels ; he went down to casual 
sympathisers in the streets wiio had nuts 
aiul other delicacies with which to solace 
liis solitude. But not an employee of the 
liini to wliicii he belonged could get within 
arm’s length of him; and ultimately the 
dealer, fearing to trust so powerful a creature 
to unfettered liberty, caused the poor beast 
to be shot. 

The keeper of the a]ies at the London 
Zoo, who gets many things done by his 
eliaiges at the word of command, is too 
\\is(‘ to believe that apes or monkeys really 
understand human siieech, but they un- 
d.oubtedly appreciate the meaning of dif- 
ieieiit tones of voice, he says. If an officer 
^avs “ Attention” to a squad of soldiers, and 
lu xl " Quick march,” it is the difference in 
tone rather than the words used that 
ronv(‘ys-the meaning ; and that is doubtless 
die way orders with which they arc familiar 
act upon the mind of the apes. 'Fhat 
1^1‘cms feasible enough. An organ-grinder’s 
monkey was climbing a wall covered with a 
civcjxu*, to the serious detriment of the 
I’lant, when the present writer quietly pro- 

sit'd. The grinder gave a tug at the 
nmnkey’s chain and the animal leapt down ; 
da n, rushing away from its master, the 
^'1 m ature bit the leg of the writer, who had 
^l|oken the words which had brought his 
climb to an end. It is reasonable to 
snp[)ose that the monkey traced effect 


back to cause*, such cause being the spoken 
words whose serious tone he had heard. 

The monkey a|)])roaches human beings in 
curiosity. Other animals have the same 
iiKiuisitivoness, as every hunter knows, but 
the monkey, as Darwin showed in an experi- 
ment with a snake and a paper bag which 
he placed in one of his cages at the Zoo, has 
the (piality in irresistible measure. The 
monkey’s love of fun resembles that of some 
mischievous larrikin, as when it snatches the 
prop(*rty of some benevolent visitor, (u 
knocks off the hat of the man who has fed 
it with the foods dearest to its ])alate. 

It is hard to say where reasoning affection 
ends and blind instinct bt*gins when the 
emotions of a monkey are concerned. Its 
natural affections are of the strongest, so 
strong that while it will endure immeasurable 
misery and suffering for its living offspring, 
that affection persists even after the life of 
the offspring is ended. Some monkeys will 
carry a dead young one for weeks. 

A different type of affection is aroused, 
however, when a man is concerned. A 
good examjile is that classic of monkey 
fidelity which saved the life of one of the 
Zoo keepers. The kee])cr had to enter a 
cage in which were a ptiwerful baboon and a 
small monkey, the monkey being in constant 
terror of the larger animal.. The baboon 
made a sudden attack on the man, and fixed 
its terrible teeth in the back of his neck as 
he knelt on the floor of the cage. The 
keeper was a special favourite with the 
small monkey, and, seeing'his peril, the little 
creature mastered its horror of the baboon. 
Leaping upon the baboon’s shoulders, it suc- 
ceeded in making the animal release tl^e man, 
enabling him to escape, badly hurt, but alive. 
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r.ROUP 6-MAN » THE STORY OF THE MASTER OF THE WORLD -CHAPTER 2 


THE SEARCH FOR AN ANCESTOR 

The Mystery of Man's Beginning, his Achievement of 
Supremacy, and his Far-off Allies in the Dim Mists of Time 

THE FIRST KNOWN MAN IN THE WORLD 


RANTING that mankind is not a product 
V J of “ special creation,” but of growth 
aiul development, as we know every indi- 
vidual man to be, naturally we turn, with 
a (piite new kind of interest, curious and 
s> mpatlietic, to the lower animals, whom 
we now clearly recognise to be man’s 
ancestors and allies. 

We can no longer distinguish them as 
“ the animals,” as if man’s body were not 
itself an animal. We must call them the 
lower animals, and we look at them not only 
lor their own sake and their own interest, 
but with a personal interest also. Like our- 
selves, they are born to die ; they arc 
largely subject to our infirmities, and we to 
tlieirs ; their blood can replace and supt)le- 
inent our own when we are in the grip of 
disease-microbes, which are alike our enemy 
and theirs ; our relation to them is not 
merely a matter of external parallelism : it is 
a blood relationshij) in the ])rofoundest sense 
of the words. The modern study of our 
minds, also, and especially of the roots and 
springs of our concluct, has combined with 
(lie more intelligent study of animal contluct 
and feeding to show that we are related to 
the lower animals in mind as well. 

Hence the study of the animal world as a 
w1k)1c has incalcniably gained in dignity, in 
importance, and in human interest through 
the Darwinian revelation of half a century 
:igo. And thus, also, the study of man must 
begin with as close an inquiry as possible 
into his relation to his nearest animal 
relatives now existing. Let it be insisted 
not only that all life is one, but especially 
that all animal life is one. Hence, while it 
remains truer than Poj^e could realise that 
“ the proper study of mankind is man,” 
no modern writer on man docs his duty who 
does not insist that the study of man is 
necessarily imperfect, and therefore less 
than proper, if it omits also to study life as 


a whole, and especially the lives, history, 
character, and conduct of the forerunners 
of man upon the earth. 

Man clid not spring from Earth full 
panoplied, like Athene from the head of 
Jove, and he must consent to survey ” the 
base degrees by which he did ascend,” even 
though the subject should be distasteful ; 
even though he may be inclined to share the 
furious indignation of Carlyle when anthro- 
poid apes were first exhibited at the Zoo- 
logical Gardens, or the disgust which many 
sensitive women, and men, too, feel in the 
new Ape House to-day, at the spectacle of 
these hideous parodies, as they ap])ear, of 
mankind at its worst. Perliai)s it is scarcely 
kind to remind such readers or visitors, when 
they shrink from the snakes in the Rc])tile 
House, that, as was lately proved by a long 
series of experiments in the gardens, ” only 
man and monkeys (including ai)os) have an 
instinctive fear of snakes. Rats, rabbits, 
goats, ducks, pigo^ons, and so forth have 
neither a dread of snakes nor a prevision of 
the swift death that may come to them.” 

Here is one more proof, added to the 
countless number adduced by the anato- 
mist, and by the modern student of disease, 
that we are far more closely related to 
monkeys and apes than to any other living 
creatures. We even fear the same dangers 
— dangers which no other creatures fear. 
And we have reason. .There is a large and 
most im]x>rtant group of diseases to which 
only man and the anthropoid apes are 
subject. The lower monkeys are as im- 
mune to infection by these diseases as, say, 
fisli or birds are, but man and the apes 
promptly succumb. This extraordinary fact 
consorts with another, lately demonstrated 
by physiologists, that the blood of man and 
that of any of the man-like apes are 
practically indistinguishable by tests which 
will immediately and certainly distinguish 
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the same blood from that of any other 
animal. The scientific interest of the fact is 
evident, and its medical and legal interest is 
scarcely less. For nowadays the expert, to 
whom there has been submitted a blood- 
stain from a susi)cctcd murderer’s coat, or 
from a knife, may be able definitely to 
disprove the assertion that it is the blood 
of a dog or a pig, and can say that it is the 
blood of cither a human being or an 
anthropoid ape. 

It may also be added that this relation- 
ship is of medical as well as medico-legal 
interest. The pioneers in the modern 
control of disease arc long past troubling to 
argue as to the relation between sin and 
disease, or between man and the lower 
animals. They know that much disease can 
l>e controlled by the kind of knowledge 
which can be obtained only by observation 
of apes. But apes are scarce, and the men 
who are fighting disease have not so much 
money at their disj>osal as the men who show 
p c r f o r m i n g 
a])es for holi- 
day-makers to 
w o n d e r at. 

Thus I lie apes 
usually go to 
the music-halls 
or the mena- 
geries, and the 
arrival of a 
cheap ape in 
luirope has 
before now 
led to the 
keenest com jieti lion among men of science 
in Paris, and Vienna, and Berlin, who knew 
that this creature might give them the key 
to the relief ol some terrible malady of man. 
Already within the present century Mctch- 
nikoif, at the Pasteur Institute, has made 
a great stride in the control of disease by 
hisstudit*son the blood-relationshij> between 
man and the* chinipanzec. 

We have made some brief mention of these 
kinds of evidence, because they arc of recent 
discovery, and were, of course, wholly 
unknown to the evolutionary jiioneers of the 
nineteenth century. Their chief interest 
may be practical, but they art; also jiart of. 
the biological evitltuice of* the ancestry of 
man, and therefore demand a place in that 
connection. 

Let us now set ourselves to the destruc- 
tion of a jjopular notion to win; h toc many 
writers have lent currency, and which has 
led, and still leads, to all manner of false 
arguments and wild goose chases, not to 
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mention our undue disgust when we con- 
template a cage full of orangs or chim 
panzees. It is the notion that man is 
descended from these animals, that hi^ 
“first parents” were just such creature-, 
and that not only should he therefore In 
ashamed of himself, but he should also In 
able to find the “ missing link ” bctweiMi 
these creatures and himself. But this 
disgust, wherever it may exist, is really 
uncalled for ; the search for the “ missing 
link ” is futile, and arguments based on 
its non-discovery are w^orthless, for the 
excellent reason that the species of existing 
apes are not man’s ancestors, and are pro- 
bably quite as far removed, in their way, 
from the common ancestor of them and of 
man, as man himself is. The apes are not 
our ancestors, but our very distant cousins. 

Darwin’s only reference to this subject in 
the “Origin of Species ” consists in asimpW 
short sentence saying of his inquiries that 
by them “ Much light wall be thrown 

on the origin 
of man and 
his history.” 
He said no 
more, because 
he feared, as 
well he might, 
the effect ol 
prejudice 
upon t h (‘ 
acceptance ol 
his own views. 
He said no 
less, bccausi' 
he thought silence would be dishonest. 
Twelve years later, in 1871, he published his 
“ Descent of Man,” and meanwhile Hiixle\' 
and Haeckel had showai what the doctrine 
of evolution meant for our theory of man. 

Many lesser students Jiavc since con- 
trilnited to the literature of this fascinating 
and all-important subject, but neither the 
pioneers nor any writers who knew any- 
thing of the subject have ever asserted 01 
suggested anything so palpably impossible 
as that man, so highly specialised, could be 
descended from any of these anthroj^oid apes, 
all of which are so highly specialised in thcii 
owm way. That is the purest nonsense, witli 
no authority anywhere to support it. The 
scientific assertion, long past challenge, 
and notably confirmed by new researches, 
is that man and the four species of existing 
anthropoid apes have a common ancestry, 
which is not shared by any of the lower 
monkeys, not even those popularly called 
aoes, nor by any other living creature. 
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Our ancestors were not chimpanzees or 
>rang-utangs, and were, indeed, very much 
licer to look at, though less like ourselves, 
nirther, though we continue to look for and 
xpect to find any number of fossil remains 
vhich suggest and amplify our knowledge of 
nan’s ancestry, we shall never find any 
* link” between us and the 
inthropoid apes, our cousins : 
nul the absence of such links 
s no sort of argument against 
ihe evolutionary theory of 
nan’s origin. 

Now we are in a position to 
make a beginning. Naturall}^ 
the first step is to study, more 
minutely than in any other 
. ase — and also more urgently, 
lor the animals are disappear- 
ing — every feature of body 
;nul habit and character, of 
Lliet and gesture and incipient 
■speech, and domestic and all- 
hut-social life, which these 
lour kinds of animals display. 

They must be studied in 
their native homes m Asia 
and Africa — for none are to be lound in the 
Ni‘W World, a point of enormous im}K)rtancc 
- and also they arc to be studied, in other 
as])ects, as we see them in zoological gardens 
and menageries. Some may be content 
to study them only in the music-halls, 
for which promising young 
i’liimi)anzces are trained to 
^inoke and drink ; and thus, 
having proved themselves 
p r a c t i c a 1 1 y human — as 
lininanity is exemplitied and 
understood in such places - - 
L'an earn three hundred 
pounds a week, until the 
tubercle bacilli in the atmo- 
spheres where tliey are cxlii- 
l)ited make an end of them. 

^uch intensely displeasing 
shows do certainly demon- 
strate the intelligence of these 
niimals and provide for the 
psychologist most important 
^jata as to the degree and 
limits of their educability; 
l>nt on all other grounds they 
o'e to be condemned, not 
^ ast on the ground of the increasing rarity 

these animals, and the priceless and unique 
''*1' vices which they are able to perform 
the study and relief of human distress. 

Of the gorilla not much that is new has 
^een learnt since its discovery nearly sixty 


years ago by Paul du Chaillu, whose 
account was so long regarded as a traveller’s 
tale. The animal is exceedingly scarce 
outside its home in a small portion of Africa ; 
and at the j)resent moment, so far as 
inquiry shows, there are none in Europe, 
or, at any rate, none whom it would be 
ix:)litc to address as such. 
This, however, is the least 
important of the anthropoids 
Irom our present point of 
view, though it is, of course, 
very nearly the most interest- 
ing of all animals, and is 
treated as it deserves to be 
elsewhere in these j)ages. It 
has diverged much farther 
than the other anthropoids 
from their common stock 
and ours, and it is found only 
in Africa, which was not the 
birth]>lace of man. It docs, 
however, a])proach man in 
the entirely unimportant 
point of stature, and, indeed, 
its tallness is one of the cha- 
racters in which it is con- 
spicuously unlike the other anthro])()ids, 
and far removed from the ancestral ty})e. 
People suppose that the gorilla is nearer to 
man because it is tall, but its tallness really 
removes it farther from man, because 
farther from the ancestor by whom it and 
man are connected. 

Obviously, we must be 
guided in our search for this 
common ancestor l)y getting 
as near as we can from both 
directions. We must study 
the most primitive and un- 
spccialiscd types of man, 
and the most ]n*imitive and 
nnspecialised types of apes. 
Our difficulties are serious, 
but they must be met, or 
posterity will never cease to 
blame us, for the chances of 
knowledge arc passing. The 
primitive races of man, on 
the one side, and the anthro- 
poid apes on the other, are 
rapidly Ix'coming extinct. 
The time is not far distant 
when not a single living 
specimen of either is tube found, and the 
gap in living Nature will then be the huge 
and incredible abyss between modern man 
and the lower monkeys. 

Such study as has been accomplished 
points us to the past for evidence from 
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fossil sources. We want something much 
more primitive than any existing men, 
and something much less specialised than 
existing apes. Fossil remains of man are 
found in various j)arts of the world, and 
fossil remains of anthrojMjid apes are found 
even in certain parts of Euroj^e, where none 
of their desceiKlaiits now live. 

Of the ancestry of the gorilla we know 
nothing, and, indeed, it is only the gibbon 
that ])rovides us with much fossil evidence. 
This creature, pre-eminently the trcc-apc, 
as its scientific name imiilies, docs indeed 
concentratt; upon its small self the interest of 
tracing backwards the anthropoid ancestry. 

As for man’s remains, the number of 
which is constantly receiving remarkable 
additions — not least in Europe, though 
Europe- was not his birthplace —we can 
indeed ])oint to the evidence of skulls 
which show a formation of the cranium and 
the jaws more nearly allied to that of the 
ap<*s than we find in any existing race. Jhit 
this evidence*, though of enormous interest 
to the* anthropologist in his study of the 
races of man, is all too recent to tell us 
anything of his forerunners. The r(*niains 
in (jiiestion, however different in detail from 
modern types they may appear, are (jiiite 
detinitely and certainly human. 

The Famous Man of Java, the First Kaown 
Maa oa the Earth 

The case is different, however, with one 
piece of evidi nee, entirely nni(]ne, which 
was bnuight to light only a few years ago, 
and which, after much controversy and 
critical study by every anatomist and 
anthropologist in the world, is now accepted 
at the value put upon it by the discoverer. 
Near the cU)se of the ninetet*nth century, 
of which the new theory of man*s origin 
was the most startling and, for thought, 
most important achievement, a Dutch 
surgeon, Dr. Dubois, foiiml in Java, in an 
ancient river-gravi'l certainly liuntlrcds of 
thousands of years old, the upper part of the 
skull, and also a ])ortion of the thigh-bone, 
of a creature to which he gave the name, 
now celebrated, of Pithecanthropus erccluSy 
the “ erect a})e-man.” Not a tra<'e has yet 
been fouiul, in Java or elsewhere, of a 
second individual of this kind, but, of 
course, these remains suffice to piove that a 
sjiecies of this kind existeil, and there is 
every reason to hope that scientific explora- 
tion in these jiarts may find much more 
than these uni(|ue remains. 

This is the creature which has Ixnm 
described as the long '"missing link”; and 
though we know l.ow inaccurate that term 
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is, and that the so-called " ape-man '' was 
no link between modern men and modem 
apes, yet certainly, for descriptive purpose n, 
the term is justified. The creature was 
erect, we believe ; doubtless not as erect 
as we are, but the evidence suggests that 
its hands were clear ot the ground when it 
walked. Some anatomists have questioned 
whether the thigh bone, which furnishi s 
this evidence, really belongs to the skull, 
but most consider now that it does. 

The Mystery that is Hundreds of Thousands 
of Years Old 

The thought comas, as we study tlu*se 
interesting remains, that perhaps wc shoiikl 
not call the a|K'-man it,” for students 
agree that Pithecanthropus was a man - 
a man of sorts. He was nearer modern 
man than modern apes, but wdieii his 
skull is compared \vith one of ours tlu* 
differences are found to be very great. 
Its capacity must have been very small, 
compared w’ith any human skull ever found 
— except for diseased skulls, such as those of 
certain types of idiot. The Imman skull 
contains a brain having some five or six 
times the weight of that of any existing aju* 
— in proportion to the respective body 
sizes. The skull of the ape-man is definitely 
intermediate in this respect. It is very 
narrow, and has enormous eyebrow ridges. 
Its difference's from a modern skull chielly 
consist of serious defects in just the parts 
corres]K)nding to those areas of the brain in 
which modern man differs most from the 
ajx'S, as Sir E. Kay Lankc*ster has pointed 
out with great weight. 

About this extraordinary creature we 
know no more at present, though much more 
will diniblless be found when the wM)rk can 
be done. . Unfortunately, there is no money 
in it, but only knowledges, but in this case 
the evidence, already hundreds of thousands 
of years old, will wait for our coming to it. 
and the mystery of Pithecanthropus will 
most surely be solved. 

The Brein of the Java Man which Bridges the 
Gap Between the Apes and Ourselves 

Wc know nothing of the teeth of the ape- 
man, for we have no record of his jaws, but 
we know that the number and characters 
of the teeth of the apes agree in nioi^t 
astonishing fashion with our own, and we 
possess, in the upper part of his skull, h\' 
far the most instructive part of the ape-mu n 
that we could hope for. This is all a mattt r 
of brains. It is the quality of the brain 
that, above all, distinguishes man from the 
anthropoid apes, and the problem of man’s 
history is the problem of his brain's history 



he man of ice-bound EUROPE 
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That, above all, is where the so-called 
ape-man and the aj)es have their importance 
in our inquiry. No other creatures but 
ourselves have anything like their quality 
of brain. On this point the fiercest con- 
troversy has raged, cs])ecially around the 
powerful arguments long ago adduced by 
Huxley. He declared that, so far as brain 
structure is concerned, the anthropoid apes 
arc nearer to man than they are to the 
lower monkeys. In other words, the gap 
between the anthropoids and all lower forms 
of life is greater in this, most important 
respect than the gaj:) between them and man. 
What we can infer of the brain of the ape- 
man of J ava justifies us in the view that his 
brain was intermediate, historically, between 
our own and that of the common ancestor of 
the present apes, the aj)c-man, and ourselves. 

Tlie ape-man can scarcely be discussed 
under the heading of aniinitl life, for he was 
really a man. Similarly, though the apes 
are animals, certain their characters 
have had to be discussed here, as in Darwin’s 
great bo(^k on man, because man cannot 
be under?. tood without them. As regards 
the brain, w'c have not only the “ a])e-man,” 
but much more evidence ol a different kind 
since Huxley’s notable work was done. 

The Main Features of a Man’s Brain that 
are Found in the Apes 

The great work of Sir Victor Horsley and 
others upon the human brain, as regards the 
functions of iis various parts, the localisa- 
tion of brain-disease — made possible by 
our knowing what symptoms to associate 
with ])articular brain areas -and, above all, 
as regards the mighty achievements of brain 
surgery in which the English surgeon has 
Ik'cu the pioneer -all these have largely 
depeniled upon the study of the brain of 
anthropoid apes. This study has in late 
years been largely undertaken by Sir 
Victor Horsley and other workers in order 
to serve surgical and medical science ; but 
while it does so, it also concerns us here, 
tor it demons t rate’s in amazing and novel 
fashion the closeness of the relation between 
man’s structure and that of the ape. All 
the main features of the human brain, even 
to the arrangement of its convolutions or 
folds, are found in the ape’s brain. There 
is no choice but to give them the same names 
in both cases. And this correspondence of 
structure is even less remarkable than the 
correspondence in the funrtions of different 
areas, by which the obseiver of the ape, 
assuming the facts to corn'spond in the 
case of man, may become the beneficent 
surgeon of his ow n species. 
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Such are the main lines of evideiKt , 
gathered since the general anatomii ai 
resemblance of man and apes was known 
and detailed, which satisfy all studeiits 
nowadays that the forerunners of lu.m 
were essentially ape-like in character, and 
that we, the rulers of the earth to-dn /, 
share in the possession of a cornmf.n 
ancestor with the apes that liye wild m 
the forestland captive in the cage. 

The Anecator of Mao Who Was Somewhat 
Like a Gibhoa. ,, 

These forerunners would hot be like thoj;^ 
apes, such as the chimpanzee, which most 
resemble man, but rather like the gibbon, 
which has diverged least from the earlier 
forms tliat we find represented in the fossil 
records, and which also represents the 
nearest affinities to other monkeys and the 
lemurs. The presence of gibbon-like forms 
in the past consorts with the other evidence 
in favour of the view that the forerunner 
of man, and of the existing apes, was a 
gibbon-like creature. Man’s notable fear 
ot snakes, and the anxiety oi the gibbons 
at the Zoological Gardens when first tlK v 
find themselves on the ground, arc thus 
intelligibly connected ; and much more, of 
still greater interest, may be inferred when 
we study in detail not merely the anatomy 
of the gibbon, but its habits of life and its 
geographical distribution. Latterly, much 
lias been added to our knowledge of this 
creature, both as regards existing forms aii<i 
•those of the past. At the same time, there 
has been some simplification of knowledge - 
as when it was found that forms of gibl)oii 
with grey hair and whiskers, reputed to In* 
a peculiar species, were only elderly 
individuals of species already known. 

It is the study of the gibbon especially 
which combines with the other lines (^1 
evidence, and by which we may reasonabl\ 
be permitted to reconstruct the first men 
for modern eyes. We shall find that our 
first parents have been much maligned, ami 
cannot have answered at all to the popular 
pictures, which have persistently suggesU'<l 
an ancestor like the gorilla. 

The First Man Must Have Been Without a 
Rival in the World of his Own Day 

Our ancestors were not really like that 
at all ; and they came not from Africa, 
but doubtless from some of Asia, 

presumably not so far from thosv 
southern areas in which we find gibbons 
and otlier apes — but not the gorilla — tb-da\ . 
and in which we have found traces of th ' 
least human of human beings, by no means 
the first man, but certainly the first man o i 
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A lOkKST SCKNJC IN TITK ISLAM) OK JAVA, WHKUIC KKMAINS HAVE EEliN FOUND OF A MAN 
WHO LIVED THOUSANDS OF CENTURIES AOO 

n conl. Wliat , whore, and how tlic first men of man’s mind, or where would most of us 

wiTt' it remains for us to consider, hut we be ? Far more important for contluct are 

consider to little ]nir]iose unless wc our instincts and emotions — not least those 
in mind the leading facts about the which maintain the life of the individual 
lereninners of man. Our business is to and that of the race. Here we are beginning 

siitisly ourselves as to what may be called to find a new interest in the ape, in his 

mail’s “ jumping-off ” place, which, indeed, curiosity, imitativeness, suggestibility, edu- 
was a tree ; and if we can agree as to the cability, sociability, and amazing parental 
kmkI of creature which inhabited that tree, devotion. From our present point of view, 
may agree as to the kind of creature that the ape’s curiosity, his educability, and his 
l»mnd itself upon the ground, and has since enterprise are ot the most interest, as they 
e xplored earth and sea, and sun and stars, suggest the forerunning of man’s mind no 
fact of limbs or muscles could explain less than the simian anatomy suggests the 
h achievements, and we must not leave forerunning of his body. The ancestral 
HKin s forerunner without looking for at being of whom man and the man-like apes 
least a moment at his mind. are tlic descendants may have been mentally 

I he psychology of the ancestral ape is a inferior to the least and lowliest of his 
mhjrct of extraordinary interest, only to present representatives, but he must have 
appreciated by those who have been utterly without a rival in the world 
^hailed the most recent work of Dr. Me- of his own day. No wTmder he wanted 
l^f^iigall, of Oxford. We shall learn in due to see more of the world than lie could 
that the intelligence is not the whole survey from the fork of a tree. 
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SUN WORSHIP — THE RELIGION OF HEALTH 



V''. 


THJC SUN WORSHIPPER MR. H. S. TUKK, A.R.A. 

We should be a healthier nation if all our hoUHcwivcs knew the value of the sun. Dangerous micro' 
cannot floui i.sh if exposed to direct sunlight, which is fatal to all forms of parasite life. 
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GROUP 7 - HEALTH • THE WAY TO BE HAPPY- WHOLE AND WELL- CHAPTER 2 


WISDOM & FOLLY ABOUT HEALTH 

Every Man his own Doctor — Limited ; and 
Every Doctor the Minister to a Mind Diseased 

IS IT POSSIBLE FOR ALL TO BE HEALTHY? 


H kalth being our subject, we began in 
correct scientific fashion by an attempt 
In define and describe it. We have some 
idea now of what it really means to be a 
healthy man, and to spend twenty-four 
hours in a completely healthy manner. 
And now our business is to discover the 
laws and the practices whereby we may all 
attain this liappy state. 

J^ut we must beware, or we shall fall 
into the error which lias betrayed almost 
every writer on health until the present 
(lay. Notwithstanding the adage that 
“ one man’s meat is another man’s poison,” 
and the equally wise one that there can 
be no arguing about tastes, and notwith- 
idanding the wise medical sayings which 
lell the student that he must learn to treat 
the patient, not the disease, since every 
patient differs from all others — ^writers on 
liealth persistently fall into the error of 
sup]K)sing that everything they lay down 
applies equally, or almost equally, to 
everybody. Time and experience always 
prove that this is not so, and doctors have 
long suffered in reputation because their 
general statements are so often found to 
break down when they are applied to par- 
ticular people. 

I'he time has come when this great 
mistake can no longer be excused. A new 
science, which studies the laws of heredity, 
and the natural ” make up ” of individuals, 
has proved how widely we all vary, so that 
every one of us is really iinique in himself 
or herself, and therefore has unique needs. 
This science of Genetics, as it is called, 
must henceforth be remembered by the 
<loi'U)r who writes upon personal hygiene ; 
and if ]\q remembers what genetics teaches, 
he will perform his task better than it has 
been performed before. At every 
^bige, whether he is discussing food or 
<^^ercise or clothing or sleep, or anything 


else, he will try to remember, first, that in 
some most important things such as 
having to breathe oxygen or die— we are all 
absolutely alike ; and, second, that in 
many other things, very important to each 
of us, we are all entirely different. 

Now, the wise doctor must rigorously 
lay down the law, if he knows it, for 
everybody, without exception, in the first 
kind of case; and he must try to describe 
the ])ath of wisdom for all manner of dif- 
ferent ])eople--a different path for eacli — 
in the second kind of case. F(.)r instance, it 
is absolutely certain that we must all eat 
a kind of food called protein found in 
such foods as meat and I)read and milk and 
eggs and the doctor must insist on this, 
and make sure that the people who follow 
his advice realise it, and do not try to 
live as if this law were not absolutely 
universal for every human being, as it is. 

But whereas the text-books all assert the 
exact quantity of protein recpiired for health 
by peo])le of such and such ()ccu|)ations 
and such and such body-weight, the wise 
doctor, who knows how individuals differ, 
will avoid such unscientific assertions, 
which look so very scientific, and will try 
to indicate to his readers how they can 
find out what is the best quantity for 
themselves. 

There is a familiar proverb, which few 
people understand, though it contains 
wisdom useful to everybody, which says that 
every man is a fool or a physician at forty. 
If this means that anyone at forty, unless he 
be a fool, can play the physician to other 
people, it is obvious nonsense. But it dex^s 
not mean that. It does mean that every 
man who is not a fool should have learnt 
about himself, say, at the age of forty - 
better still at thirty — so much as to make 
him his own best physician in ordinary 
matters. He ought to know what suits 
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him, and what docs not. what promotes hb 
health and work, and what runs him down 
and upsets him — as no doctor on earth 
possibly could know. In that sense, which 
is enormously important, he is his own best 
and only physician, because he has devoted 
his whole life, so to say, to the observation 
and comprehension of a unique ease, 
which is his own case. Plainly he must 
be the expert of experts — for himself. 

The wise doctor who studies and en- 
deavours to teach the laws of personal 
health must recognise these facts, and he 
must try, not to discover universal laws, 
which will prescribe so much sleep, so much 
fruit, so much reading, for everybody, 
because such laws would turn out to suit 
exactly one person and no more, but he 
must fry to liclp people to help themselves, 
by stating those few great laws which apply 
to us all, since we are all human, and by 
then teaching us how to observe and take 
care of ourselves. And all the while he 
will beware of a very common and serious 
risk, which he must avoid —the risk of 
encouraging peo])le to dcv^dc themselves 
to their own health, which inevitably 
succumbs, and over whose remains must 
run the words, “ Killed by kindness.'* 

Short Lives and Sad Ones, or Long Lives 
and Merry Ones 

Indeed, that })roverb about fools and 
physicians is ratlier severe, for it really 
amounts to writing down a great majority 
of mankind as fools. The impartial doctor, 
surveying his fellows, even those who are 
“ old enough to know better," must agree 
that very few of them are satisfactory, 
judged by his standard. Many types of 
folly, of various degrees, can be witnessed. 

There is the frankly careless man, im- 
provident of health, though he may be 
prudent and tight-tisted as regards money, 
lie does all manner of things which lie knows, 
better than any doctor or any friend, are 
bad for him ; and he continues to do them. 
The world is largely filled with this type 
of man, ami woman too. Their average 
expectation of life is small, and their short 
lives arc not even merry, as they know in 
their hearts, however brave and gay a 
show they may make for our eyes. The 
rule about lives, one need hardly say, is 
the opposite of the ])o])ular saying. On the 
whole, people have either a short life and a 
sad one, or a long life and a merry one. 

At the other extreme i;. the man — and, 
of course, these remarks ail apply equally 
to women — who devotes liis life to pro- 
longing it, and scuianders his health in the 
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effort to maintain it. These unhappy pcopk 
read the medical papers, and they .ik 
constantly consulting doctors. They dose 
themselves incessantly with patent mrsli. 
cines, and with prescriptions which doct(n> 
have written for them, and other ])!(. 
scriptions which doctors have written toi 
their similarly afflicted friends. 

The Man who Destroys all the Joy of Health 
hy Imagining he is 111 

They try all manner of diets and all tin 
latest textures in underclothing ; tlu x 
frequently, in the course of their rescarclu-v. 
upon themselves, discover the normal 
and useful projections upon the^ back ol 
the longue, and suppose they have cancer ; 
and their lives soon^ become a burden t<j 
themselves and to others. The present 
writer regards it as the most serious of hi> 
responsibilities to ensure that nothing sliall 
enter these pages which will conduce to 
the making of such people, and to strive le 
teach and suggest haws of health, and wa\s 
of obeying those laws, which do not involve 
all this lanientahle and disastrous devotion 
of ixM)plc's lives to their own morbid tear 
of illness. If one must indeed choose between 
this and the other kind of folly, the folk' ol 
neglect is to be preferred. Both kinds of 
people shorten their lives, and do thcmsel\ t‘s 
harm, but the health fanatics and the hx'po- 
chondriacs are miserable all the tim*', 
and the careless people at least get sonn* 
intervals of luippiness. 

Another kind of folly may be called tlic 
conscientious kind ; and no writer on 
hygiene can be better rewarded than by llio 
thought that he may be serving its victims. 
These people ignore or try to deny the 
existence of warnings which should l>e 
heeded, because they feel it to be their duty 
to go on with their work at all costs. It 
a noble and not an uncommon kind of 
folly. Nature makes no distinction. 

The Price a Man must Pay for Burning the 
Candle at Both Ends 

If a man “ burns the candle at both 
ends " in order to get rich quickly uinl 
bully other people, or if he does so to niuko 
money for the care of an invalid wife 01 to 
bring success to some beautiful or unsellish 
enterprise. Nature makes her award just (lu* 
same. We shall carefully study this mat i or 
when we come to the questions of work u lul 
overwork and worry. They are worth Ciin - 
ful study, because the people whom they ooii' 
cern are the best and bravest and most vidii- 
able people in the community, and to teach 
wisdom to one of them is better worth d( ing 
than to help a multitude of selfish people. 
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Of notable importance, also, are those 
who misimderstand the adage about fools 
jiid physicians, and who. having found 
..Miie kind of practice which suits thein- 
. » l\ os. seek to impose it uf)oii everybody, 
ill defiance of the facts of human variety. 
Those cranks have their uses, and are often 
;il)le to demonstrate important facts by the 
rxperiments which they make upon thern- 
s<‘lves. Very often, indeed, their })ar- 
ti('ular theory or diet suits themselves 
admirably, and they are wise to adhere to it 
as long as it docs so. 

fheir folly is displayed when they forget 
how men differ, and seek to make everyone 
well and strong by their own methods. 
01 ten they do great harm to their disciples, 
who arc not suited to the particular habit 
or deprivation which suits the original 
naiik so well. These remarks by no means 
inijdy that we shall merely laugh at -for 
instance — vegetarianism. On the contrary, 
\vi‘ must study it most carefully, and we 
shall find that the vegetarians have taught 
ns facts about diet which no one knew bciore. 

The Food that may Strengthen a Man one Day 
and make him ill the next 

Not only are all the candidates for health 
(lilforent. in themselves, but each of them 
ililfcrs in need at different times. Health 
IS to be attained and maintained in one 
way ill childhood, in another in youth, 
and ill aiiotlicr in old age. It is not only 
true that one man’s meat is another man’s 
poison, but that one and the same man 
may find one and the same thing meat at one 
tinu; and poison at another. A man may 
profit by a meal one day, and be made 
ill lor a week by a similar meal the next day, 
lH ('aiise he was eating it during a bout of 
intense dein'ession or fatigue, which made 
its digestion impossible. Plainly, circum- 
staiK'cs alter cases. 

Another important fact, constantly for- 
^'oitcii by amateur students of health, is 
'vluit we may call adaptation. Many of us, 
|>n>l)al)ly all of us, are now well enough 
ii‘laj)ted to certain kinds of work, or weather, 
“I di(‘T, or amusement, and would suffer 
il they were changed. But after a time wc 
'Voiihl thrive as well, perhaps even better, 
andnr the new conditions as under the old. 
b we examine one of the digestive juices 
el tile pig we find. that it contains one 
hi'"l of digestive ferment in chief abiin- 
‘‘‘“'•e when its diet is mainly made of 
pt etcin. If now we alter the pig’s diet, so as 
fe make it consist mainly of starchy foods, 
<ligestive juice alters in .composition, 
‘““1 almost wholly consists of a ferment 
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which deals with starch. That is simply 
adaptation; and all life everywhere, human, 
animal, or vegetable, involve? adaptation, 
and would have little chance of survival 
without it. 

Wlien we are inclined to lay down the 
law about health in gcMieral, or our own in 
particular, we must remember adaptation, 
and be prepared to believe that there arc 
wide limits within which we can live well 
enough ; only that, as a rule, changes in 
habit, in food, clothing, exercise, sleep, ami 
all the other questions which w’c arc abf)nt 
to study, should be made gradually, so that 
tlie powers of our bodies may hav'o time 
to adjust themselves accordingly. 

The Doctors who Forget that we have Minds 
as well as Bodies 

Another most important fact, which has 
been forgotten by medical writers on health 
until very recent times, is the influence of 
the mind on the body. Non-medical writers 
have repeatedly pointed out how important 
is the part played by tlie mind. Tliey 
have declared that peo[)le’s minds vary, just 
as their faces do, and that the state of llie 
mind affects the l)ody, so that what is good 
for one man’s health may be bad for 
another’s, siinidy because the two ])e()|)le 
look at it in a different light. For many 
years past, doctors have inclined to the view 
that their patients arc to be looked upon 
as simply bodies, and have heaped terms 
of derision and contempt upon those who 
attached high importance to the difference 
in people’s minds, and to the differing 
states of one and the same mind at different 
times. Modern research has altered all that; 
and it must be admitted that most of this 
fine work has been done, in the teeth of 
the doctors’ opposition, by men whom 
they called cranks and visionaries. 

The Grave Nonsense which Christian Scientists 
would exchange for Truth 

The time for that kind of talk is i)assing. 
It is still the fact — ^an entirely mad and 
astounding fact — that a course of study 
in psychology, the science of the mind, is 
not included in the curriculum of a single 
medical school in this country, an omission 
to which the present writer has long called 
attention, and which must soon be remedied. 
For it is now clear to all men, doctors and 
patients and the general public, tliat the 
mind profoundly influences the body, as thcv 
body does the mind; and it will soon he 
realised that the attempt to deal with human 
beings, and especially ill human beings, as 
if they were merely animals, is unscientific, 
and leads continually to failure. 
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Health, as we understand it here, is 
health of miiul and body, and health of 
the relations between theni. 1 lie un- 
palatable lessons w!iieh “ Christian Science ” 
has taught the d(u:tors in recent years will 
not here be ignored, and we shall endeavour 
to utilise tiieiu for our health, and to 
appreciate the work of those who have 
sliown wliat mighty things the rniiid may do 
for the body. Hut at the same time we shall 
try to denounce tind expose the appalling 
multitude of nonsensical and disastrous 
misstatements by which the Christian 
Scientists try to persuade us to exchange 
one half of the truth -that man has a body- - 
for the other half of the truth - -that man 
has a mind. Here we shall try to see both 
halves of all the truths we can. 

The Mistake which Doctors and Educationalists 
have Constantly Made 

One more ])oint of the first importance 
must here be stated, lest we raise false ho]>es. 
The writers on health have constantly made 
the same mistake as the writers on education 
— they have supposed that all the human 
material which would come uuder their 
methods would be o<[ually capable of 
profiting by them. The champions of the 
noble and invaluable science of education 
have almost always assumed and tried to 
persuade us that their process would make 
us all intelligent and well informed, cultured 
and devoted to learning. If their hopes 
have been disappointed, they hav-e declared 
regretfully that their methods were 
imperfect, that certain changes must be 
made, the process must be begun earlier or 
iiot so (*a?ly, must be prolonged later, must 
be more varieil or less varied, the child 
must have no I, at in or (irevk, or must 
])ostpoue starting tla'se studies until it lias 
had three yi'ars of J'rench, and so forth. 
Then* is no end to all tliis. as every student 
of eilueation knows. Hut, even so, we do. 
not all turn out what we should like to be ; 
and still less do other people turn out 
what we should likt* them to he. The truth 
is that edueation ran only educate what 
is alread\^ then* to he educatw'd. 

Two Essentials if we are to be Perfectly 
Healthy 

In (‘xactly the saim* way, and with 
exactly ^Ihe same results, and lor the same 
reasons, the students and champions of 
health, the cranks and the orthodox, the 
. mind-healers and the drug-heale:s, the 
doctors and tlie herhahstr., ami tlie bone- 
settc’is and tJic rhri.'^ti:*:i Scientists, all 
hav'e promised Iiealth to those who foilc'wed 
their advice, and all have entountexed 
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many failures, and will continue to do so. 
Not only do we all differ within the limiis 
of health, but we vary widely in our 
capacity for health at all, and in the degree 
to which we can profit by any observant 
of the laws of health, however faithful and 
vigorous. Education will not make tin* 
feeble-minded child into a normal adult ; 
physical exercises will not make an adult 
man six feet high who was only five fiM i 
.six (or even live feet eleven) when be star1i‘d 
them. And in a thousand other resin rts 
— less obvious, but no less real- our 
possibilities arc limited and determined by 
what we are to begin with. 

That is why it was said, in our description 
of the healthy man's day, that the man 
who would attain it must be both fortunate 
and wise. He may be infinitely wise ; In- 
may be tlie best guide of other people, and 
may succeed in teaching health and 
achieving health for thousands ; he may 
practise what he preaches, and all the wliilr 
may be bedridden from some bercditaiy 
paralysis, or the victim of incurable asthma 
and bronchitis, because these maladies air 
“ in the family." To be healthy, thcrefoiv, 
one n*quires not only to be wise in practirr, 
but fortunate “ in one's choice of .parents. ’’ 

The Fate of each oae of us in Health or Ill- 
health is largely Sealed at Birth 

In this fundamental matter, no writer 
on hygiene can very well guide the reiidn. 
Any ])ros])ect of “ beginning at the begin- 
ning," which is the ideal of all true science 
and all sound practice, is out of the question. 
In very large degree, the fate of each <>1 ib 
is S(*aled before birth. The main lines t^f tlie 
building liava^ been laid down, and we i nn 
do no more than do our best to keej) it ni 
good repair. Hiit no care of a ten-lioiM- 
']x)wer motor-car will develo]) it into ;i 
twenty - horse - power, nor increase ll:c 
number of its cylinders, though neglect will 
prevent it from developing the ]>ower wliii li 
it .was intended to develop, and may easily 
decrease the number of cylinders by throw- 
ing one or more of them out of action- 
This analogy between the machine of .slid 
and the machine of flesh and blood b 
perfect so far as it goes. 

We must here abandon, therefore, nil 
the ignorant pretensions which have bnn 
loo commonly put fprward by writers on 
health in the past, and are slill put forwaul 
by the vendors of special means for obtain- 
ing health. There is no certain recipe 
healtli for all. If the reader’s body or iniml 
be like a ten-horse-power motor-car, 
aim at the very useful obicct of enablinf? 
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him to develop his full power, and to retain 
it for as many years as possif^le. Not only 
do we regard it as futile to aim at making 
him the equivalent of a sixty-horse-power 
car, but we know that such efforts would 
do him serious harm. Any machine over- 
taxed, asked to do what is beyond its 
natural capacity, will soon cease to be 
capable even of that. Men with little 
hearts, perfectly satisfactory under inoper 
conditions, seek to develop into champions 
of strength and endurance. They undergo 
v;pecial training, they climb mountains, run 
long distances ; and after a short time the 
lu‘art, instead of growing stronger, stretches 
and dilates, and they may be maimed for 
life. It is the case of the frog who sought 
to emulate the bull, and was rent in pi('ces 
hy its own efforts at expansion. It might 
liave made an admirable and perfect frog. 

In this course of study, therefore, wc 
definitely promise less to the reader than 
lie will find promised or implied elsewhere. 
Follow he never so wisely the advice we 
lender, there are limits narrow in some 
directions, broader in others — which lie will 
never lie able to transcend. 

The Rare Feat of Making the Most of a Man 
for the Longest Possible Time 

No advice that we can offer here, nor 
even any advice wliich future knowledge 
('an offer, will alter the number of vcrt(;brtc 
in his backbone, or the colour of bis eyes, or 
a tlicmsand oilier facts of bis constitution - 
visible and invisible*, fads of structure and of 
function, of brawn and of brain — which arc- 
tlie beginning of him. He and we come in 
witli our efforts when the beginning, and 
many stages later than the beginning, liave 
been acconijilislicd, fur good and for evil. 

Yet w(i also may promise more to the 
reader than these warnings may suggest — 
much more than he now expects, just 
because we promise so much less. TliOiigh 
n«)tbing can alter his natural heritage, 
and though in some res]K’cts that is at least 
as iiniHirtant as anytliing which it is in his 
power to effect, yet, just because we recog- 
Jiise his limitations, he and we may in 
enjicert achieve the very rare feat indeed of 
making the most of him, and making the 
longest of him. 

It is a feat so rare that, in strict judgment, 
^ve may, ])crhaps, say that it has never been 
a« ' It is doubtful whether any 

man or woman, since time began, has ever 
a'liieved the utmost in the way of health 
•ind longevity which was jKissible for their 
iialive endowment. Bnti even if we ask 
l'*r less than the utmo:'d, wc may be sure 


that not one in a thousand of mankind 
at the present time really enjoy the measure 
of health and longexity which is possible 
for them; and the contrasts between 
different people in their iiroportion of the 
possible that they achieve are onormons, 
quite a}:)art from the fact that the measure 
of the i)ossible varies in evi'ryhody. 

The Candidates for Health and the Problems 
they Bring into the Consulting Room 

On all hands the doctor sees these con- 
trasts, ranging from the man of magnilicent 
natural health and ])hysique, who iniris all 
in a year or two of folly, to the delicate 
youngster, already stricken with con- 
sumption, who makes a brave and wise 
light — in matters of health bravery is no 
use without wisdom — and lives a long, 
useful, and hapj)y life, crippled, perlia])s, 
a hunchback perbajis, but a fine fellow 
nevert lieless, in the finest sense of the uord. 

We, have seen enough to realise what a 
variety of problems, soluble and insoluble, 
the candidates for health offi‘r to the in- 
structor, as they range tlu*mselves before 
him. Many of them lie can do little with, 
short of having them born again and born 
different. Others have siiHicient cpialities 
of body and character to enable them to be 
almost independent of him, for they will 
soon learn, and put into i)ractice, n^ore 
wisdom about themselves than he can 
j)Ossibly attain, lint he must do his best 
for all of them in the (irciimstances, and 
that may most surely he done by beginning, 
not at tiie beginning, for that is iin])ossil)le, 
but at the few all-important points where 
health makes identical demands for all, 
and exac ts similar ])enaltics. Tin? first of 
these is the epu'stion, of the air wc bieatlie 
and the manner of breathing it, and tliese 
we shall begin in our next chapter. 

The Victory that is Higher than the Conquest 
of a City 

M(*anwliile, the facts of heredity and the 
im])ortance of the natural heritage are not 
to he Icxiked upon as wholly uncontrollahh*. 
On the contrary, to recognise onci’s limita- 
tions and jieciiliarities and special needs 
is half the battle of wisdom in matters of 
health and of conduct. Heredity and its 
laws arc of ])rofoiind interest, not only 
from the standpoint of Life and Kngcnics 
— the groups in which they are disrnssed in 
this work — hut aLo, as the wise* reader 
will discover, tliey are of ])ers()nal and 
selfish inten'st to us all, hcilping each of ns 
to understand and thus to rule his own 
spirit, a feat which the wise king ranked 
higher than the conquest of a city. 
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HOW MUSIC CALLS A LOST SHIP HOME 


'V. 



Till-: DEFEAT OF FOG I«Y WIRELESS TELEGRAPHY A REMARKABLE DEVELOPMENT AT SL ^ 

The time when ships can be l<3st in foj^ is drawing to an end. By means of musical notes 
telegraphyi a siiip. may now find its latitude and longitude in darkness and fog as easily as 
noonday. A port will have its own “note,** a*'d by moving a little iiistrunieiit on the bridge, 
shown in the corner picture, the captain may pick up this note and know exactly where nc ' 
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GROUP 8 - POWER • THE STORY OF MAN’S HELPERS -CHAPTER 2 


MAGNIFYING OUR SENSES 

How Man is Reaching out Beyond his Senses, and 
is Blotting out ** Impossible ** from the Dictionary 

AMAZING JOURNEYS IN AN INVISIBLE WORLD 


T hkne have been two or three periods in 
the history of the human race when 
it seemed as if man were about to pene- 
trate into the secrets of Nature. His in- 
lollectual power developed in a magniheent 
way, and his mind went voyaging on 
strange seas of thought in the illimitable 
spaces of the universe. 

Always, however, man arrived at little 
more than a few interesting but un- 
xerifiable guesses. He was defeated by 
tlie limitation of his senses. His intellect 
was a marvellous instrument, which was 
prevented from working thoroughly and 
i^fficiently because its avenues of knowledge 
wore amazingly imperfect. His eyesight, his 
senses of hearing, and of touch, taste, and 
smell, were greatly inferior to those of 
certain birds, insects, and animals ; he 
lacked, too, the special instincts which 
(aial.)lc many of the lower creatures to 
I'lnd their way across unknown tracks of 
country. With these imperfect senses he 
stumbled about the worici, like an almost 
sightless beggar lost on a wild, unexplored 
nif)or at niglitfall, and carrying a feeble 
lantern which threw a dim circle of light 
a few yards before him. 

Lifting his eyes to the heavens, he could 
SCI' only one or tw^o thousand little jxnnts 
of lighf. Had he studied the sky in espe- 
cially favourable circumstances, he might 
have been able to discern about two 
thousand stars. Yet the starlight that fell 
around him came from a hundred million 
•'lazing suns. When the day broke, and 
l‘c looked down at his feet, he could only 
trace a few small forms of life ; yet 
in the least piece of earth there were 
nn riads of living shapes ; and his owm 
I'ody contained millions of minute or- 
ganisms. Colours that he could not see 
and sounds that he could not hear were 
all about him. The ground on w'hich he 


trod vibrated under the impact of billows 
falling on a shore hundreds of miles away, 
and trembled with the waves set up by 
an earthquake which occurred, perhaps, a 
hundred years before at a distance of 
thousands of miles. 

Every form of matter around him — the 
pebble he stumbled against, the stone of 
which he built his house, the metal he 
fashioned into tools — emitted subtle streams 
of electric energy. Yet, blind, deaf, and 
numbed to all this, man wandered about 
the earth, fancying that by mere guess- 
w^'ork he could come to understand and 
control the mysterious processes of Nature. 
But, before he could obtain any large and 
certain knowledge, he had to invent some 
thousands of exquisite mechanisms which 
W'ould serve, in a way, as new and far- 
reaching senses. 

Most of this marvellous extension of the 
senses of man has been won during the 
last fifty years ; and the beginning of it 
only goes back to the age of Shakespeare. 
“ What a piece of work is man ! ” said 
the great Elizabethan. “ How noble in 
reason ! how infinite' in faculty ! In action, 
how like an angel ! In apprehension, how 
like a god ! The beauty of the world ! 
The paragon of animals ! Yet in what 
a narrow world Shakespeare lived — a little 
plot of earth, lighted with two revolving 
lamps, and covered with a blue roof, inlaid 
at night-time with bright spangles of light ! 
The only things the Elizabethans found 
difficult to explain were the wandering 
stars — by which they meant the planets — 
and the comets. 

When we contrast this quaint picture 
of the world with the universe of our days, 
and especially wdth our' certain knowledge 
of thife universe, we can get some idea of the 
enormous and sudden development of the 
senses of mankind in the last three hundred 


1>EAUN0 with ElECTRICfTY-oiTCAS SfEM-ANP all NATURA^^ FORCES 
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years. What a niullitude of great men — 
greater than Cohimhns— have recently ex- 
tended the boundaries of huiiuin knowledge! 
Not only have they opened up a slraiige, 
illimitable world above our heads, but 
they" hav(^ discovered a more wondertul 
tract in the ground on which wc thought- 
lessly tread/ Overhead is the infinitely 
great ; benc'ath us and around ns is the 
infinitely little. And it has all become 
visible - visible to our senses —that is the 
almost sujier natural marvel of it. Here, 
on the on<‘ hand, an* Sir William Huggins 
and Sir Norman l-ocky(‘r asking us to look 
at their sjx'ctroscopes, and see with our 
own eyes the elements of which some star, 
millions on millions of miles away, is 
comiH)S(xl. Here, on the other hand, are 
Sir I . I . 'fhomson and Sir William Ramsay 
want ing to revival to us the mystery t)f matter. 
They do not want us to believ^e anything : 
they, too, ask us to S('e. Look ! These 
are the c{)r})useles of which an atom is 
built. The electric and magnetic currents 
are sending tlu*m in a stream against this 
screen. We- can measure them their 
velocity, and their mass, and tlu^ charge 
of ole<' tricity tlu‘y carry. We cannot re- 
m('m])er the figures ? Well, hero is a 
photogra|)h of the thing we have seen. 
J.et us make our calculations from it. 

More Separate Lives in a Drop of Water 
than Human Lives on the Earth 

After ga/.ing at the wonderful scene - at 
th(‘ Royal Institution, vi'ry likely -wo study 
at leisiin* the j)hotogra])hs taken during 
the ('\j)eriments. If we have a head for 
lignres, here is the conclusion at which 
wc; arrive : in a single; dro]i of w’ater there 
arc' far more sc’paratc* entities than there 
are human entities upon the earth — there 
are about 2,()C)o,ck)o,ooo,<)oo,ooo,ooo,0( o 
molc'culc's ! 'fhc'se moU'Cules are divisible 
into smaller ])arts, which are called atoms. 
A little while; agt) an atom was not a 
thing, but only a theory ; it was iiierely 
argiu'd that mattc'r might consist ol atoms 
before it was made uj) into different 
elements. 

W('ll, let us suppose that an atom could 
Ik; magnified into the size' of a large room 
—an uttc'ily impossible, feat, for the atom 
is riiiich .smaller than the smallest wave 
of light, and no microscojie therefore could 
dc'fme it. Still, let us suppose tliat an 
atom could be* thus magcnfn d. : the.i the 
corpuscles of which thc'y are Ciunposed 
would appear like spc'cks )f dust in tlie 
large room. Vet now the mass and velocity^ 
of these corjjuscles can be measured ! 
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A little over three hundred years ago. 
the vision of the k(;enest-sighted human 
being w^as inferior ic:) that of an eagle. Ncjw 
man has broken up the atom, and he has 
S(;(‘n it breaking ui). Turning from the 
study of the heavens, he jiicks up a frag- 
ment of earth beneath his fevt, analysc's 
it into parts more numerous than all the 
millions of stars in the sky, and then dis- 
covers that each of these ])arts is an ar- 
rangement of forces as W'onderful as llw 
arrangc'mcnt of the solar system. 

Man May Hear To-day the Tremors in the 
Earth which Napoleon Might have Hinrd 

All this new- science is foundcnl on ob- 
servation and experiment ; that is to say, it 
is founded on the evidence of the senses. 
Kut these; senses arc; new'ly acquirc'd 
faculties. As by the stroke of a magician’s 
W'and, the almost sightless beggar lost at 
nightfall on an unexplored moor has 
swiftly bc^en transformed into a giant. His 
actual voice resounds over an entire con- 
tinent ; w'ith the speed ol lightning he 
sends a mc?ssage round the world ; his 
vision ])c‘netrates into the fiery core of the 
remotest star of hcavc'u ; he can feel flu* 
hc'al of a candle burning over a mile away ; 
he can discern the infinitesimal microbe; 
and he can weigh the earth on which Ik* 
stands. Putting liis ear to the ground, he* 
listens to the beat of the surge on some far- 
off shore, and hears to-day the echoing 
rumble of some terrible earthquake that 
happened in the days of Na])c)le()n ; then pc'i - 
haps he feels a new inovemc;nt in the earth, 
and ill a few^ minntc'S he has tiaced it to its 
source, maybe in some Asian desert. Such 
is the infinite delicacy of ])erc(*})tion which 
is combined with the' extraordinary power 
and range; of the new sense's e)f man. 

The Power within Man's Grasp for Thou- 
sands of Years 

By a curious j)iece of irony, it w^as when 
man was losing seimo eif the small natural 
powwof his eyesight that he first attemi)ted 
to extend his senses. In the ruins of the 
jialace of Nimriid at NiTu;veli has been found 
the earl ie'st- know'll form of magnifying- 
glass. We can see it at the British Miiseniin. 
It is a convex lens of re)ck crystal, four inches 
long, and nearly one and a half inches 
across. For thousands c^f years man made 
no use of this wonderful invention, except to 
increase his pow'CT of vision when it was 
failing through old age or natural shoit- 
siglitednc^ss, or when he needed a lin* • 
definition in gem-cutting. Kven wlien, -'i 
the thirteenth century, Roger Bacon wHirked 
out tile principles of both the tclcsco[)e and 



MAN'S POWER IN TWO CIVIIJSATIONS 





'-th. 

A MiCiHTV CRAXJC WfllCH DOKS TllK WORK OF HONOR KDS OF MKN 

*•1 :nicient civilisations men worked like ants toj^ether, enslaved in tens’ of thousands. A hundred 
• 'usand slaves are said to have built the (ireat F’yramid. The despotism which massed men like ants 
' 's i)assed away, and in the modern world the power of thousands of men is |)ut into a single machine. 

T!iu j>hoto|ji.iph the Titan cr.iiic is ri‘|)ruJucvU by cuurtcby of Stothert and 1*1(1, It.itli. 
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the microscope, nobody took the slightest 
notice of his discovery. 

It is true lliat, in the reign of Elizabeth, 
another Englishman, Leonard Digges, 
chanced to read Roger Bacon’s work, and 
made a telescope in accordance with 
the ])rinci})les of the great, 
neglected man of science, but 
the instrument was only regarded 
as a curious toy. About the 
beginning of the seventeenth 
century, however, some spectacle- 
makers in Holland were moved 
by a stronger and larger passion 
of inquiry. The spirit of modern 
science had just been born, and 
the J anssens of Middelburg were 
affected by it. Instead of keep- 
ing to spectacle-making, they 
began experimenting with the 
lenses they were polishing ; in 



WHAT NO KYE CAN SICK 
The left )ihuto>;nii)h is of a micro- 
scopic bhde as it :ip|K;ars to the 


new improvement in manufacture, however, 
the size of the modern telescope increases. 
Yet this in itself would not greatly add lo 
our knowledge of the elements of the stars. 
The larger the telescope, the smaller the 
5ta’’s appear. This, of course, is not true 
of the sun, the moon, or the 
])lanets. With each increase in 
the diameter of a telescope, the 
structure of these heavenly 
bodies can be studied in more 
detail. The stars, however, are 
so inconceivably remote that no 
telescope can reveal their shai)e. 
They arc mere flicks of light 
which show more minute and 
point-like as the power of the 
telescope increases. Their ap- 
parent discs appear large in 
small telescopes, and small in 
large instruments. All that the 


1508 they invented the modern f,ra’ porUm/of Snow tclescoi)e on Mount Wilsoi 
microscope, and in t6o8 another wiiii a micnjscope, showing 
optician of the same town lom of living toceri.-,. 

constructed the telescope. A year later 
(halileo was sweeping the skies with the new 
tube, and finding the satellites of the planet 
J upiter. 

The simple; instrument that Galileo 
used has now been elaborated into an 
enormous and intricate thing. 

At Mount Wilson, in California, 
there is a telescope with an 
aperture of sixty inches. The 
glass disc weighs a ton, and it 
forms the chief part of the 
largest instrument of vision in 
the world. But already it is 
regarded as too small, and a 
rich American has presented a 
considerable suiii ot money for 
the erection of a still vaster in- 
strument. The new telescope 
will have a glass disc one liun- 
dred inches in diameter, thir- 
teen inches thick, and with a 
weight of four and a half tons. 

In the old days telescopes were 
built ♦with an extraordinary 
length ol tube ; some of them 
reached six hundred ^eet into 
the sky. Better effects arc now 
obtained by increasing the 
breadth oT the instrument. The difficulties 
of casting tremendous glass discs, and of 
obviating the distortions ]^roduced by 
changes of temperature, ai? \i*iy great; 
and v(‘ry great, also, is the 'lilficulty of pro- 
viding mountings to carry the huge lenses 
with the necessary precision. With each 
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does is to make the stars set‘m 
smaller in size and more distinct 
from each other. 

It was not, therefore, by means of anv 
telescope that man found out what tlu' 
stars were made of. Neither was it by 
means of the telescope that Sir Norman 
Lockyer discovered in 1868 in the sun iW 
new clement of helium, whicli 
Sir William Ramsay found 
again in 1895 in* cleveite, a 
Norwegian mineral, and after- 
wards in the mysterious sub- 
stance of radium. 

This marvellous achieve- 
ment ranks among the greatest 
triumphs of modern astro- 
nomy. Nothing is so calcnlat(‘d 
to display the almost super- 
natural extension of the senses 
of man as the fact that he is 
able to trace a new ehmient 
in the flaming .sun twenty- 
seven years before he chances 
to find it on the earth. All 
this was the indirect result <>1 
an experiment which was 
announced in 1672 by Sir 
Isaac Newton, sixty-thnr 
years after Galileo first swejd 
the heavens with a telescop' • 
Newton admitted a thin ray of sunlight 
through a narrow slit into a dark room, so 
that the light fell upon a piece of three-sidi d 
glass. The i)rism of glass split' up the whiic 
ray and reflected it in a band of rainlx'W 
colours. As it is well known, whiteness is 
composed of a mixture of all colours. These 
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colours represent the various lengths of away, and discover what it is made of. Tt 
waves in which light travels in its passage is pleasant to find that an Knglishniaii, 
through the ether. Red waves, for instance. Sir William Huggins, has been the pioneer 
are about i-39,oooth of an inch long, while in this marvellous work. From the private 
violet waves are about i-6o,i)Ooth of an observatory which he built at Tulsc Hill he 
inch long. In passing through the prism of has gone forth, night after night, for more 
glass, these waves arc sorted out into a than fifty years, on mining explorations 



A niOTOGRAPH OF THE SUN, SHOWING SOME OF THE STUFF IT IS MADE OF 
lii'' remarkable direct photo^jraph of the sun was taken at the famous sun observatory at Mount Wilson, California, by Profeiaor Hale 
•’>N <1 marvellous adjustment of instruments, the telescopic camera was made to “sec into the sun,” as it were. What wr see in this 
I'tioiograph— technically called a s()cctro-heliogram'-is really a mass of clouds of calcium vapour, which are invisible to the eve, even 
throujjrh the best telescope. The dark patches are sun-spots. 

i^iiiibow band, or spectrum. An ordinary among comets and meteors, star-mists and 
lainbow is formed in somewhat the same stars. 

by sunlight falling on raindro])S. This is surely the longest and most won- 

lly taking the rainbow^ out of the skies derful flight of the human mind. Yet the 

•\"d ])lacing it in the laboratories of science, means by which it is done are very simple. 

Newton gave mankind an instrument more A (German man of science, G. R. Kirchhoff, 

}voiKlerful than the telescope. By means of discoveredthemabout the middle of the nine- 

nian is now able to penetrate into the teenth century. He used a lantern throwing 

fi lming mass of a star, billions of miles out a ray of limelight ; this ray was broken 
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lip on a prism and thrown on the wall in a 
hand of colour. Kirchhoff jdaced a lighted 
lamp before the ray from the lantern, and 
put a littl(‘ salt into the flame of the lamp. 
Now, salt burns with a yellow light ; and 
Kirchhoff expected that, on mixing this 
yellow light with the white ray from the 
lantern, he would deepen the yellow part of 
the spectrum. But, to his intense surprise, 
he saw a dark line start out where the brigh^ 
yellow line should have come. 

The Wonderful Map that Men have Made 
of the Light of the Sun 

A curious thing had occurred. The light 
from the lantern was hot, and the light of 
the lamp in which the salt was burned was 
much cooler. \Vhen the yellow waves from 
the lantern reaclu'd the yellow wavts in 
the lamp, they expended all their energy 
in heating uj) to their own temperature the 
waves coming from the burning salt. The 
first yt'llow wa\*(\s w(Te absorbed on their 
journey ; cons(‘(|uently th<*re was a blank, 
empty space in that part of the spectrum 
where tliev should have lH*eu. 

This is what happens in our sun and in 
every star. At theceiitn* is a mass burning 
at an (‘xtraordinary heat. From this burning 
mass arise enormous clouds of flaming 
vapour, fhese clouds, how(‘ver, are cooltT 
than the central heart of tin*. So every 
hoi wav(? t)f lighi from llu* elem(*nls flaming 
in the furnace is absorbed by the correspond- 
ing but cooler wavi* coming from the vajxnir. 
That is why the Sj)eclrum of the sun or a 
star is composi'd of ii band of colours 
streaked with dark lines. Nearly all these 
lines have now been mapped out according 
to the ('h'un'iits which they represent, l^y 
letling the light of a ceriain star fall on 
the s})ectroscopi*, the astronomer is able to 
tell from the colours and lines exactly what 
the star is maile of. 

The Astonishing Power of the Spectroscope, 
which Breaks up Light 

A ch(*mist analyses substances in the same 
way. In Sir William Ramsay was 

analysing the mineral cleveite. He burnt it 
in a very hot furnace and turned it into gas, 
and examined this gas through a spectro- 
scope. He found that it gave a v(*llow line 
in that i)art of the spectrum which is called 
1)3, near the yc'llow lines made bv the ray 
from burning salt with which Kirchhoffhad 
experimented. Now, this 1)3 yelluv\ line 
Jiad been discovered by Sii N -imai^ Lot kyer 
in 1868 whilt* examining the highest aiid 
most vaporous prominences of the suy. 
Thus by means of the spectrum the mar- 
vellous double discovery of helium was 


made, and it has again been found by 
recent spectroscopic study in the emana- 
tion of radium. 

The modern spectroscope is ])erhaps the 
most wonderful instrument of modern science, 
in regard both to its i)ower and to the skill 
necessary in making it. The })rism of glass is 
no longer used for the most delicate investiga- 
tions. Its place is taken by a simple-looking 
piece of bronze, with an apparently slightly 
rough surface. That slightly rough surface 
represents the very highest reach of human 
ingenuity and mechanical skill. It is 
formed of lines ruli*d by the finest point that 
can he ])ut on a diamond. If during the 
operation the point of the diamond is in 
“the least way worn, the ])iece of bronze is 
iis(‘h*ss. The line's must be accurah'ly spaced 
and rilled from fifteen thousand to twentx 
thousand to tin* iiu'h ! The work is done by 
a machine invented by Professor H. A. 
Rowland, and placed in a constant tempera- 
ture in an niuh'rgroiind vault in the Jolms 
Hopkins University. The. screw, wliicli 
moves the plate forward by 1-15. 000th of an 
inch between the strokes of the dianw)nd, 
contains almost no errors; and the (dTecI 
of the exceedingly minute irregularities is 
compensated by ingenious devices that 
form part of the ruling-engine. 

The Tremendous Band of Light which our 
Eyes Cannot See 

The machine is automatic in its action. 
When it is sot in motion the ruling of a 
large S])eclr()SCope goi^s on without inter- 
ruption for six days and nights. By ruling 
the lines on a concave piece of bronze, tlie 
s})ectroscope is matle so that it acts without 
any telescope. The ray of light falls 
through a slot in tin? roof of thcrobserv’^atoi y 
directly on the concave ])iecc of bron/t*. 
and a spectrum is formed wiiicli can in* 
examined by the eye, or jiliotograplied for 
further study. 

The spectroscope is es])ccially interesting 
for its strange revelation of the gross 
defects of the human eye. The tclescojv* 
and the microscope flatter us ; they mercl\; 
prolong and magnify our actual power ol 
vision. By means of them, we only ad' I 
more lenses to the lenses of our eyes; ami 
so increase our natural sight. 'Fhe spcctruin 
produced by the spectroscope teaches us. 
however, tliat we arc almost sightless. On 
either side of the small fragment of colour'^ 
which the human eye tliscerns in th* 
spectrum, stretch long bands of invisibl'* 
hues. Some of these represent waves 
light too long for us to see ; others aif 
produced by waves too short to make an\ 


202 



our WHAT 






GROUP 8 -POWER 


invisible worlil of the ultra-violet ray has The ultra-violet rays shine through many 
been explored by means of the delicate salts substances impervious to visible light. Tims, 
used in photography. Ultra-violet rays if creatures existed with eyes attuned to 



JIIK MAN WITHOUT A SHADOW A GRIiAT CONCKPITON IN FICTION MADK TRUK liY SCIKNCK 

\ limi.ius sluiy oflaM ctailiiry had for its i:eniral i liaraclcr a man without a shadow. Ihese two photogiaphs, taktm prai tically at the 
moment, show the shatlowless man in fact, thoiiKh no eye has ever seen him. I hr: sttrond pu lure was taken hy means of nltia- 
violet rays of lisht, invisible to the eye, which passed throuj?h the shathiw. 

possess some extraordinary powers. Had these short waves of light, they might also 

tliey been known three or four centuries live in rooms as black as ink to ns. Perhaps 

ago', the alchemists would have fancied it might be thought that, though these two 

llit.'y had found the /.i 


llit.'y had found the 
philosopher’s stone, 
lor these rays will 
liirii one kind of phos- 
phorus into quite a 
different kind ; they 
will ])roduce violent 
explosions ; and make 
some substances give 
out light without pro- 
ducing any heat. They 
also have some won- 
derful healing proper- 
1 ies. Certain cancerous 
growths d i s a j) ]) e a r 
under their influence, 
and so do various skin 
diseases. It is the 
invisible violet ray 
N\lnch works in the 
green leaves of plants, 
•Hid turns carbonic acid 
and water into sugars 
and starches. As this is 
tlic first step towards 
1 he organisation of life, 
d will be seen that the 
subtle action of the 
o n d e r f u 1. unseen 
^ iolet ray is of tremen- 
HHus iiUDortance to us. 



A PHOTOGRAPH TAKEN BY INVISIBLE LIGHT 
There are three kiruls of light that we know — the light hy 
which we see, ultra-violet light, aiul iiifra-retl light. 'Fhe iliflfer- 
cncc i.s in the length of the light-waves, the eye being able to use 
only waves of certain lengths. This photograph was taken in 
a quarry in Syracuse, by means of infra-red light-waves, which 
are too long for the eye to sec. 


in visible worlds ol 
light may exist, man 
does not lost' much by 
being excliuled from 
them. \\ ell, hd us 
make a few calcula- 
tions. .M('n of science 
have taken the unit of 
microscopic measure- 
ments to be the md- 
lionth of a inillim.'lre 
— a millimetre being 
eipial to about i-25tli 
ot an i n c Ii . TIk^ 
wave-length of the 
longest known uUra- 
red ray is, according to 
Professor S. P. Lang- 
ley, i-i6,5ootli of an 
inch ; the shortest 
known ultra-violet ray 
is 1-32, 500, oootli of an 
inch. Our eyes, how- 
ever, cannot perceive 
a wave of light longer 
than 1-32, booth of an 
inch, or shorter than 
1-62, 850th of an inch. 
Our sense of light is the 
chief and most highly 
developed of our 
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senses ; it is the main avenue of knowledge 
to our int<'II(‘ct, yet it is terribly defective. 

Hut, aft(‘r all, the mind of man is at last 
able to fashion instruments by which it can 
penetrate into the iiivisibUt worlds around 
it. By Jiieans of the micnjscojie new forms 
of infinitesimal life are now being con- 
stantly discovered. The first microbe was 
seen by a Dutchman, A. van Li'euwenb.oek, 
in th(! seventeenth century, but not until 
Pasl(‘iir arrived was the study of the 
minutest tjf organisms conducted in a 
scientific manner. Strange as it may seem, 
the microscope is not, in spite of its wonder- 
ful povvcT, the cliief instrnm(‘nt in the dis- 
covery of the dis(‘ase-])roducing microbe. 

Many of these invisible armies of death 
cannot be seen under the most perfect 
of modern inicroscojies. The limits of 
visibility with the microscope have been 
very carefully iiK'asiired, and they are 
found to range from a hundred-thousandth 
to about two-lmndred-thousandthof an inch. 

The Armies of Death which no Microscope 
can Reveal 

As under this magnilication the out- 
line grows very dim, many comparatively 
visible objects cannot be distinguished. In 
these circumstances, it is lU’cessary to invent 
some colour which will stain the microbe 
with a colour dilT(’r<‘ut from the hue of its 
surroundings. I'liis could not be done until 
tli(^ dyc'S made from coal-tar were carefully 
(wamined ; and even at the present day 
there are many disease-producing microb(.‘s 
which are well known from their effects, 
but which cannot be stainetl and made 
visible. Some of them ar(^ fairly large, for 
they (U) not get through a filter ; yet, until 
some means of staining thinn is discovered, 
tiny cannot be studied with a view to pro- 
tecting mankind from th(‘ir attack. 

In regard to its e.xtraordiiiary fine ])owcr 
of ineasurenu'ut, the iuterhrometer is far 
more important than the best miscroscope. 
By means ol the interferometer an observ(*r 
is able to detect a movement through one- 
live- millionth of an inch ! The principle on 
which Profi'ssor Michelson, of Chicago Uni- 
versity, constructed this instrument is very 
simple. Iho maclnne uses the minute lengtlis 
of waves ot light. I f two pebbles are dn)])ped 
in a pond, sav a yard apart, two systems of 
waves ripj^U' out in circles. WIumi ilu', waves 
fiom the two systems moid, a varying effect 
is produced. If the crests of one set ot 
rijxj)Ies coincitle with the ('n j .n from 
the other set, the wati*r ia tliat particular 
spot becomes smooth. The waves, then, in* 
terferc, and one set destroys tlie other. If, 
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on the other hand, the crests of waves from 
the two sources coincide, the crests rise to 
twice their original lieight. The inter- 
ferometer uses light-waves sent out from 
two ])oinls, like the ripples produced by 
dropping two pebbli‘S in the pfind. The two 
sets of light- waves either interfere* and 
produce darkness, or unite and jiroduce 
light of double brilliancy. These alternate 
briglit and dark bands are technically 
called interference fringes. 

How Men Measure a Five>millionth Part 
of aa Inch 

Such is the theory. Now let ns g-ttempt 
to c.xjdain how it is worked out in practice. 
A beam {)f light falls on a lens which makes 
all its rays approximately parallel. The 
beam is then directed on to plate glass ; the 
plate glass divides it into two beams. Kach 
beam is reflected on to a separate mirnjr ; 
each mirror, again, reflects its beam in such a 
way that the two beams meet, like the two 
sets of ripples in the ])()nd. The waves 
ot light then either interfere or coincide ; 
they produce either darkness or more bril- 
liancy ; and the effect is easily observed 
through a tube. Every part of the iiislrn- 
ment is extjuisitely finislied and adjusted, 
and responds to infinitely delicate altera- 
tions. The heat of a hand near one of the 
beams makes a new pattern in the inttT- 
fer(*nces ; a lighted match cn»at(\s a wild 
storm among the minute waves of light. 
The inl(Tferometer is now^ often used in 
measuring the very high temperatures ol 
b’last-f urn aces. 

By means of this marvellous instrument 
Professor Michelson has made a notable 
experiment in determining the force of 
gravitation. He measured the amount of 
attraction which a sphere of lead, eight 
inches in diameter, exerted on a small ball 
Ining on the arm of a delicate balance. Tlu‘ 
force to be measured was i-2o,ooo,oool!i of 
the weight, of this small ball, and it pro- 
duced in the interferometer a displacement 
of seven fringes of the light- waves. 

The Way ia which the Earth was Weighed 
at Birmiagham 

The American professor could easily 
weigh the earth by means of liis wonderful 
little invention, but this had already been 
done by Professor J. H. Poynting, of Birming- 
ham, by another very ingenious method. 
We cannot wx^igh the earth in the ordinary 
W'ay ; we cannot apply to it our ordinar\ 
measurements of weight. Our tons and 
liundrcdw'cights and j)oiinds arc only mea- 
sures of the force ot gravitation which th« 
mass of the earth exerts on objects on 
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surface. The earth cannot ])ull itself to 
itself, and thus, in the everyday sense of 
the term, our ]:>lanet has no weight at all. 
Aforeover, though we can estimate the size 
of the earth, we cannot say how much of it 
is heavy substance and how much is light. 
\\c do not know, in short, how dense it is, 
hut — and here is the miracle — we can find 
out this. For it is now j)ossible to measure 
what all the heavy rocks and ligliti*r ele- 
ments weigh in the tmrss — that is to say, we 
can find out their geiKTal density, when 
thev are contrasted with a globe of the 
siine size composed ol water. 

The Pull on a Spring Balance by a Force 
4000 Miles Away 

W'e know a cubic fool of water weighs a bout 
"•2.11b. If we knew what a cubic foot of tlu' 
•^(Mieral mass of earth weighetl compared with 
tluMlensity of wat(‘r, we could calculate the 
wt'ighl of a globe 7912 miles in (liamet<T. 

Thus (lie process of weighing the earth 
consists in linding its mean density ; and 
watt‘r, which is said to have a density of 
one, is taken as a standaial substanca*. Pro- 
l('SSor Poynting discovered that lh(‘ density 
ol the ('arth was Jiboiit 5 -fo.H* 

And this is how he did it. He hung two 
leaden weights, weighing fifty pounds each, 
at till! end of a large spring balance a few 
feet above th(' earth, 'the j)ull of the earth 
was llien fifty ])()unds ; and it was e.\<‘rting 
this jnill with its centre about four Ihonsaiul 
miles, or twenty million l\‘el, awav’. Under 
the* balance where tiu' two weights hung. 
Professor Poynting plaee'd a Iieavy mass of 
lead weighing about three hundred and fifty 
pounds. It was set on a tnrn-tabh*, so that 
it could be moved from one fifty-pound 
halanc(^ weight to the other lifty-j^oiind 
balance weight. The three hundred and tilty 
pounds of lead rested one foot away from 
the first tifty-pound weight, and bygiavi- 
tatioii that w'eight was attracted to it. 

How We Know that the Earth Weighs Six 
Billion Trillion Tons 

To the fifty-pounds pull which the vast 
niassol the earth exerted on the fifty-poumi 
'N eight, there was now added an infmitt‘simal 
•I'iditional weight created by tlie gravitation 
j>ull of the mass of lead on the turn-table. 

1 be fifty-pound weight, in short, now 
weighed about i-250th of a grain more, 
figuring all this out, it ai)peanul that the 
juill of a 350-poiind weight, at the distance 
‘>f a foot, was e(iual to i-25()th of a grain, or 
^■b75^^oooth (»f a pound —that is (c^ say, 
^lie jnill of the earth at a distance of twenty 
niillion feet was about a hundred million 
times as great as that of a sphere of 350 


pounds at one foot. If the earth could 
be placed at aii average distance of one 
fo(d fnnu the fifty-pound weight, in- 
stead, of at a distance of twenty million 
feet, its ])ull would be ])ro]^ortionately 
greater about four Iiundred trillion times 
greater ; so that at ecpial distances "^Iche 
pull of the earth wnuhl four hnndyed 
trillion times that of a liiiiulred million 
35<>-ponnd spheres. But, as already ex- 
plained, at ecpial distances these pulls are 
l)ro])orti()nal to the masses concerned, and 
thus, bv doing a little more arithmetic, it has 
been found that tlu* earth weighs about 
1 2,. 5oo,( )()(), 000,000, 000,0(^0, 000, 000 pounds, 
or about six billion trillion tons. A billion 
is here reckoned as a thousand millions, a 
trillion as a niillion millions. 

In the actual cxperinuMit the balanci' was 
placed in the ci‘llar of Mason Collegi*, 
Birmingham, ami a mirror was connected 
witli the balane(‘ jiointer. 'J his mirror 
was so arrangc'd as to magnify a hundred 
and filly timi'S lhi‘ niovenu'iit of the 
balance lu'ain. 'flirongli a small hole in 
th(' ec'iling of tin* ( i lhn a telescope was fixed, 
and in tin* room above Professor Poynting 
watched the balance through the lelesc()|)e. 
So d(‘iicat(' was tlie ap|)aratns that if anyone 
walki'd about llie bouse Professor Poynting 
was unable to carry on his work, 'fhe step 
caused tlh‘ minor to (|niv(‘r, and inlerlered 
with the n'Ihrtion of a siak* which was 
studic'd by means of the telescope. 

One Boy's Weight which Might Upset the 
Weight of ail Great Britain 

'fhis dijfieullv was overcome by placing 
the instnnnent on great blocks of india- 
rubber, and the balance tlu'ii worked wt'll 
for a y(’ar, but it began to go wrong, owing 
to tlu^ lloor of tlu‘ cellar lilting wliencver 
Professor Poynting moved the 350 pounds 
of lead from one side of the balance to the 
other. The lilt was so slight that, bad the 
lloor been ten miles long, one end (jf it 
would have be<Mi raisi'd only one inch higher 
than the other end ten miles distant, yet 
this minute disturbance seriously affected 
th(‘ ]>r()lessor’s observations, (iraduallv all 
dilficullies wert* ovtueome, and he calcu- 
lated the density of the (‘arth t<j b(‘ 3*4934, 
compan'd with the density of water as om*. 

Suppose all the -inhabitauts of the 
P»ritish Isli'S, say f(.)rty million persons, were 
j)laeed in one pan of a gigantic ])air of 
.S('ak‘S, and that they \v(‘n; counlerpoi.sed by 
weights, do you think the addition of one 
mi(ldlc-siz(!d boy to the population of the 
scale pan would be observed by the man 
who was weighing them ? 1'hat is the sort 
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of. diffcrcnci- 
that liail to he 
measured — a 
difference of 
one i)art in 
seventy or 
eighty million 
|)arts. Or per- 
l\aj)S it woiihl 
he more correct 
lo say that the 
«l(‘^re(' of p(*r- 
f e c t i (3 n to 
which th(i art 
of w r i f; li i n g 
was brought hy Professor Poynting was 
such as would he rc(|uired to detect, in this 
imaginary experiment, ^ 
whether tlu‘ hoy had 
holh his hoots on ! 

In measurements of 
this sort, the o])cra- 
lions are of so delicate 
a character that the 
passage- of a railway 
train in tlu* neighhoiir- 
hood may he a grave 
source of troiihh^. In 
t lie year i<S<’4 Professor 
V. Hoys was work- 
ing at Oxford on the 
same j^rohli'in of the 
density of the earth. 

He was using the 
astonishing t h r e a d s 
which are made of 
lueUetl quartz. These 
are iucomparahly liner 
than the finest win*. 

A single grain of sand, 
spun into one of them, 
might yi(*ld a thread a 
thousand miles long. 

These threads surpass steel in strength, and 
they are marvellously elastic. Armed with 


KARTIICJUAKIC IN JAPAN 


rious distill 
b a n c e . An 
ea r t liquakt 
was taking 
place SOUK 
thousands oi 
miles away ! 1 1 
was detected at 
Oxford, owiiin, 
to the fact thai 
Professor Hoy^ 
was weighing 
the earth when 
the wave from 
the far-off up- 
the solid grouinl 


heaval travc^lled through 
and shook his instrument violently. 

. ... If this instnimcui 


I- 
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Tllli MACllINK BY WIIICU AN EARTUqUAKli 
WRITES** 

'I'ho sciMUogriiph is an nutoiiiatic recorder of e.Ti thiiiiakes, so 
M-nsiiivc that the &Ii,i;htest tremor of the earth i.s re.ni.steitul. 

f.ill.s on a roll of photographic paper tlirouqh .a slit in a 
iiicial plate, innl<in}.;a thin li''e on the paper. The vilirati<'i 
moves the .slit .so that the line wolihics up ;itid clown ; .'ind the 
extent of the wobble indic.atcs the nature of the shock. 


t ll ( 


Pro- 


fessor Hoys was 
able to make 
what is pro- 
bably the iiest 
measurement 
y e t ohtaintal 
of the mean 
density of the 
t‘arth : he fixed 
it at 5.5270. Tn 
the midst of his 
measurements, 
how^ever, there 
was a mystc- 
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were used to mark lli< 
occurrence of an earth- 
quake. it would 1 h‘, 
called a seismosco]i(‘. 
Hut seismoscopes are 
not employed nowa- 
days. "1 hey belong to 
the infancy of the 
science of earthquake 
study. What tlu' 
modern man of sciciiee 
needs is an automnlie 
recorder, which, in re- 
sponse to the slightest 
tremor of the ground, 
will write down 01 
photograph all the 
curves of the move- 
ment. This is called 
a seismogra[)h. In 
principle it looks like 
a mast with a boom 
jutting from the basi*. 
At the far end of the 
boom is a thin iiiclal 
]>late \vitli a slit in it. J^eiieath the slit is 
a box carrying a roll of photographic pa])er. 

dri\’cn by clock 
work. At tlu' 
top of the ho\ 
is another slit, 
i milled i a tel\ 
underneath the 
slit on t In 
boom-plate. A 
beam of light 
falls througi 
both slits on t'» 
the photo- 
graphic paper, 
and prints 01 ' 
it a sinuous 
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ino. F.vory vibration of the earth causes vibrations due to the traffic in a city corti- 
ho boom to move ; the position of the pare witli it as the waves of the ocean with 
.lit at the end is then altered, and the the ripples on a pool. 

ine printed on the photographic paper Two types of short waves are frecpiently 
vobblos up and down. observed. One has been traced to the action 

Tlic study of earthquakes strikes the of the wind, which is found to create waves 
inagination chielly by reason of the strange, in the land just as it forms waves in the sea. 
crrible, and disastroiis power that bursts A still smaller vibration, which occurs 
)Ul in the great catastrophes of our planet, every live or ten seconds, appears to be due 



MliASURTNG THK TEMPJiKATURK OF A STAR 

..iiiiiiilnj; tliu spertrum of :i st:ir :in asiroiioiiiL-r can tell of what clcnicnls the Mar is coiiiposecl. Hy expcriiiient in the laboratory he 
:< inline exactly the aniouiU «)f heat necessary to convert various substances into liglil-givin;; gases, and lie can examine llu ir 
■‘i- \N hen he sees in the speciriiiii of a star the elements which arc transformed into j/Tises at a low lemperaturc, he knows that 
the star is not very hot. Hot stars are violet, indigo, and blue in colour ; cool stars are yellow, oraii>»e, and led. 

man of science," however, is but little to the impact of billows on tlie shores of 

! '‘'ested in the largeness of the tremors the earth ; and exju'riments are now being 

I the earlh. The small waves running carried out on the coast of Nortlmmber- 

‘“'’iigh our a])parently solid soil now seem land by means of an exti'aordinarily delicate 

’ hiiii to throw more light on the great instrument. It works autoinatit'ally. The 

\"hl( ins than do the fierce shocks of some almost inq)erceptible pressure on the air 

hi I and sudden upheaval. At the present which a wave of the sea produces, as it 

itiui he is mainly concerned in tracing travels to the land, is transmitted by an 

i"vements of the earth so small that the electrical arrangement to a pen. The pen 
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writes out the record of the pressures on a 
strip of paper, atul when it has filled a 
it automatically returns to its original posi- 
tion, and starts writing on a new sheet. So 
exquisitely balanced arc the finest earth- 
quake measurers that they are thought to 
he able fb record dim waves in the ground 
representing the echoes of great earthquake 
shocks that originated a century ago. 

Mtasuring the Heat of a Candle a Mile and 
a Half Away 

Is not all this a wonderful extension of 
our naturally dull sense of the movements 
around us ? Our sense of heat has now 
become almost as fine as our sense of move- 
ment. Ily means of the bolometer, for 
instance, lliere can be felt the heat of a 
candle at a distance of a mile and a half. 
The inslniment consists of two very fine 
threads of ])latinum, about a 2500th part 
of an inch thick. One of these threads is 
])rotccted in a constant-temperature cham- 
ber ; the other is exposed to the radiation 
which it is desired to measure. Connected 
with the two threads is a galvanic battery ; 
on the battery are fixed a needle and a tiny 
mirror. If the mirror moves it reflects a 
spot of light on. a photographic platt\ Now, 
by a de\fice known as the “ Wheatstone 
Hridgc,” a current of electricity flows 
in a wire* running round the battery 
ami connected with the two threads of 
]datinum. But this strong current is so 
regulated by the position of the two 
platinum threatls that it does not flow into 
the galvanic battery. An absolutely im- 
perceptible movement of the thread, how- 
ever, allows some of the current to pass, 
and there is then an imperceptible move- 
ment of the needle. This is magnified into 
a wobble by the spot of light reflected 
from the tiny mirror, and the photographic 
])late records the disturbance. 

In this case, the use of photography is 
very important. No doubt, it would be 
possible to obtain a rough measurement of 
the effect, merely by watching the spot of 
light move across a wall. 

The New Eye of Men which Follows the 
Track of a Star 

But the ]>hotograph enables tlic man of 
science to make exact nieasurements in day- 
light. Having developed the plate, he can 
scrutinise it under a ]H)werful niirrosco|X‘ 
with a resolving ]X)wer of a hundre<l 
thousand lines to the inch. Thus he is able 
to trace the effect of the heat of a single 
candle a mile and a half away from the 
platinum thread of the bolometer. 
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The development of jjhotography hasi 
had many happy effects on several branches 
of science. The camera is a new' eye, with 
a superhuman steadiness and strength. 
Placed at the end of a telescope, it W'atclu s 
the sky without growing weary or dis- 
tracted. Following the track of a star so 
remote that its ray falls through the abyss 
of heaven with a faintness making it in- 
visible to the most powerful telescope, the 
camera slowdy collects the dim light, hour 
after hour, and reveals at last to the 
astonished astronomer a new sun. 

A brief comparison will help us -to a])}U ( - 
ciate w hat the camera has done for only one 
branch of science. Let us leave out of 
consideration the very useful part it jdaysin 
photo-microscopy and other methods (»l 
minute measurement. We will take only 
photo-tclcscopy. A kccn-sighled obser\( i 
might count with his naked eye two thou- 
sand stars — or a few more in an exc('|)- 
tionally clear sky at night. The line.st 
telescope reveals tens of Imndreds ol 
thousands of points of light. Now, with 
the aid of the camera and the ultra- vicLi 
rays there is being made an international 
star-map which will definitely show llic 
position of about thirty million stars. 

How the Mind of Man Peered Beyond His 
Senses 

In the great wireless lelegrai)liy station^', 
in which messages are received from points 
thousands of miles distant, the photograpliic 
])late has recently been found to be indiv 
pensable. By means of it the marvellous 
w'ork of Marconi has been made a 
practical success. The signals are now s(Mit 
at so high a rate of speed that no operator 
could read them by sound or sight. So a 
galvanic battery is connected w ith I Ik; 
receiving apparatus, and the movements nl 
a filament are reflected and photograpliefl 
upon a sensitive strip of paper wdiich wiiul^ 
along at a suitable rate of motion. 

Attached to the galvanic battery is anol lici 
wonderful magnification of the human 
senses. Perhaps it would be more correct to 
say that it is a new sense rather than lla- 
magnification of any existing power cf 
mankind. It is sometimes called a detector 
and sometimes a coherer. Its function is 
to detect the ripple of electric force wdiicli 
is the agent in wireless telegraphy. 

The existence of electric weaves was know n 
before they were discovered. . This is one (»1 
the instances in which the* human min‘l 
W'as able to anticipate the evidence of its 
senses. In 1864 sufficient facts had 
collected to enable Clerk Maxwell to diaw' 
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n\t a theory of electric waves ; and the 
.vaves were found by Hertz in 1888. 
[f(*rtz produced electric sparks, and made 
(licsc sparks shoot backwards and forwards 
[u twecn two sheets of metal. At every 
to-and-fro movement of the sparks an 
•loctric wave was sent off; and by touching 
^vitli a key the door-knob and other pieces of 
iiictal anywhere about the room, new sparks 
ould be obtained. This had already been 
lone by Professor Silvanus Thompson, who, 
n 1874, had made a detector with two 
loor-keys, and had walked about the 
room collecting sparks. 

It never occurred to the English man of 
science, however, that the existence of the 
new sparks showed that electricity had been 
off in the form of waves. Hertz used 
his detector — a bit of wire bent into a ring 
•^o that the two ends nearly met — to 
[iiensnrc the places where the electric sparks 
•ould be obtained apparently from the air — • 
though really from the ether. By this 
means he measured the wave lengths. He 
then showed that they were really waves- 
like the light-waves — by reflecting them in 
new directions by mirrors. Thus the idea 
)1 wireless telegraphy was born. 

The Great Discovery that Made Wireless 
Telegraphy Possible 

Hut the electric waves could not be used 
lo liansinit signals over any large distance. 
\s they went out in long and longer 
tijjples in the ether, they became too feeble 
h) he detected by any existing instrument. 
''(> men had to invent a new sense. A 
^n‘at French man of science — Professor 
Ih'aiily — thought out the difficult problem, 
uid at last discovered the coherer. He 
luiind tliat certain metal filings resisted the 
passage of an electric current ; when, 
liowever, an electric wave fell on the filings, 
Uioy cohered, and allowed the electric 
Lnirrent to ])ass. A wire connecting a bat- 
ti ry to a bell was cut, and a tube containing 
metal filings was inserted between 
tlxi two ends of tlie wire. When the faint 
flt'ctric wave arrived, too weak to emit 
‘I sj)ark or show its presence in any direct 
it was conducted to the filings. They 
cohered, and the current from the 
uallery rang a bell, or gave some other 
signal. Various forms of detectors have 
oiKHi been discovered ; and it is owing to 
oH'ir extraordinary fineness of response that 
‘Hail is now able to make the electric wave 
f'any his messages to the ends of the earth. 

l'> Hertz, the discoverer of the electric 
Havr. we are somewhat indebted for the 
''hh more marvellous creation of the X-ray. 


Pursuing the researches of Sir William 
Crpokes, fie sent a current of electricity 
through a glass tube which had been emj)ticd 
of air. A strange ray — called the cathode 
ray- was produced at the cathode, or 
place where the current leaves the tube. 
Hertz found that the cathode ray had the 
power of passing through very thin metal 
films. Rontgen emptied the tube more 
completely of air than Hertz had done, and 
the current he then sent through it endow^cd 
mankind with a new power of vision. 

The Magic X-Raya which Shine Through 
Solid Matter 

Thus was created the magic X-ray which 
shines through matter. It enabled man to 
|)eep, as through a crack in an enchanted 
door, into a universe of new w’ondcrs. In 
1896, a few months after Rontgen announced 
his discovery, the door w'as flung wide open. 
Henri Becquerel in France and Silvanus 
Thompson in England found that uranium 
emitted an invisible ray ; and, following out 
this indication, Madame Curie and her hus- 
band discovered the new element of radium, 
which is produced by the wasting away of 
uranium. When the nineteenth century 
closed, man siiood with dazed and incredu- 
lous eyes, staring at the enormous power and 
the marvellous knowledge suddenly won. 

He had to reconstruct the foundations 
of several of his chief sciences. Armed 
with the cathode ray, Sir J. J. Thomson 
broke up the atom, and showed that the 
ultimate form of matter was electricity ; 
everything then became possible. A few 
months ago Sir J. J. Thomson again startled 
men of science by inventing an electrical 
method of analysing elemgnts in a cathode 
tube and taking photographs of the -rays. 

■ The New Senses which Iferald the New Age 
of Vitaf Power 

Practically all the tremendous progress 
of modern knowledge has depended on the 
invention of exquisite and often small pieces 
of mechanism by which man has magnified 
his senses. We no longer have five senses — 
we have hundreds. With his five senses, 
man in the ancient civilisation could erect 
colossal works by lashing thousands of 
slaves to the task of dragging along huge 
masses of stone over wooden rollers. With 
,,our hundred senses w-e can set an iron slave 
to do more and better work than a host of 
serfs. Each little instrupient we invent to 
measure something that w^e cannot see or 
hear, taste or touch, is a fresh source of power. 
When we learn to use our new pow'crs 
fully, this age of transition will come to an 
end, and a new age of vital power will dawn, 
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THE PALL OF BLACK SMOK'li: THAT EVER HANGS OVER THE IRON WORKS OF CHARLJ 
This impressive study of the famous iron city of Belgium was made for •• Tho World’s Work " by Mr. Joseph Pwiiicll 
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GROUP 9 - INDUSTRY- THE WORKSHOP OF THE WORLD - CHAPTER 1 


STEEL AND CIVILISATION 

The Life-history of the Material which has every Factory 
in the World and every Ship on the Sea at its Mercy 

THE SKELETON OF THE WORKADAY WORLD 


immeasurable progress of tlie world 

1 in industry and commerce during the 
last fifty years has dcj^ended, with increasing 
urgi iicy, on the use in new ways of iron and 
steel. While it is true that this progress is 
(linctly due to man’s control of power, 
generated through heat in various ways, or 
through electricity, his harnessing of this 
])r)\\er for practical purposes would not 
have been possible if he had not found in 
steel a containing material, enduring, and 
minutely adaptable for all his growing needs. 

We live in the steel age far more dis- 
linclivcly than men in the past lived in ages 
ni stone or of bronze, for to-day steel is the 
one material on which man relies when he 
must have strength without great weight, 
the material through which his mechanical 
genius finds expression whenever it is using 
great power, the material on which he works, 
and from which he forms the tools for his 
work. We affirm, in short, and propose to 
i)i()ve, that it is the very foundation of 
modern industry. 

Wood, stone, and clay were the first 
natural materials — apart from animal 
]>rodiicts — for man’s makings and ex])eri- 
meiits, and when, accidentally, he dis- 
(ov(Ted metals, he used them only to give 
himself a more rapid mastery over the 
ahnndant materials, ready to his hand, on 
wliich he then worked— the wood, the stone, 
the ( lay. So he built himself stone monu- 
nuuits which have retained their magnifi- 
reiu e for thousands of years ; wood-framed 
houses that remain after hundreds of years ; 
‘ind clay-reared paradises that have 
mouldered into the dust of deserts till the 
dtrs of the mightiest capitals of antiquity 
Lin* only guessed at. The stern strength of 
the newly found metals served but to shape 
the perishable weakness of wood and stone 
clay. Now all this is altered, for an 
'm vliaustible substance has been discovered 


and perfected that is more shapeablc than 
clay, stronger than stone, with qualities 
incomparably more varied than those of 
wood, furnishing material to work on, and 
the tools that will work itself, capable of 
taking every form of strength or of plas- 
ticity, plial:)le yet tough, rigid yet clastic, 
sharp yet soft as dough, hard to the 
bounds of human conception of hardness, 
and cliangeable to the last wish of the 
manipulatt)r who knows its ways and 
sympathies. So steel, the multiform and 
multiplex, has become the mainspring of 
modern industry. 

What is this new material with a thousand 
contradictory uses ? What is steel ? Of 
all the mixtures makable from the earth’s 
contents, not one is more varied or elusive. 
Hundreds of observant experts spend their 
lives in studying its constituents, its combi- 
nations, its qualities, its possibilities, and 
they are unable to agree on a definition. 
Whatever definition is proposed, someone 
proves it to be wrong or inadequate. Iron, 
a metal never found pure in workable 
quantities, combines with carbon and other 
elements in varying proportions, and accord- 
ing to these proportions, which are infinitely 
graded, displays changing characteristics. 

In certain of these proportions, and show- 
ing certain characteristics, it is called steel. 
Broadly, if its structure is fibrous, it is said 
to be iron ; and if granular, steel. But the 
chemical constituents may be the same in 
each case, though the qualities ot the mass 
for practical purposes are widely different. 
Iron, when spoken of distinctively as a 
marketable commodity, is the metal roughly 
smelted from its ore and combined with either 
much or extremely little carbon and various 
impurities ; while steel is the iron remelted 
and purified by the loss of its carbon and 
various other elements, with fresh carbon tc 
a moderate amount and known constituents 


THIS GROUP DEALS WITH MANUFACTURE ENGINEERING TRANS1T EX('AVATI0N 
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added, so as to bring the composition of the 
mixture under control, the ingredients and 
their ])roport ions, and the characteristics of 
the combined mass in juactical use, being 
clearly known. 

The scientific tendency is to treat wrought . 
iron and mild steel, each with a small pro- 
portion of carbon, as one ; but common 
cast-iron, and also some of the steel alloys 
that are the last products of an inventive 
study, have large proportions of carbon, 
with sensationally different jiractical cha- 
racters. Therefore, a proportion of carbon 
is not a satisfactory basis for definition, and 
it is better to treat all combinations of iron 
with other metals and carbon as one, 
understanding that commercial iron, or 
cast-iron used in manufactures, is the metal 
in its rough, cheap, less workable, less 
controlled condition ; while steel is the 
higher grades of iron, with additions, after 
elaborate manipulations, wdiich leave it 
less arbitrary, more adaptable, and better 
understood. 

The most marvellous characteristic of 
steel is the variety, and, indeed, contrariety, 
of its practical cpialities, with their infinite 
adaptation to man's requirements. 

The Extraordinary Things that Can be Done 
with a Hundred Kinds of Steel 

It can be forged into beams of enormous 
strength, or drawn out into wire of gossamer 
thinness ; it can be compressed into a 
density that will resist any concussion, or be 
rolled into a thin sheet which may be hard ^ 
or soft ; it can be sliaped by hammering, or 
cast in a mould ; it can be given a rigidity 
of the utmost intensity, or be changed till 
th(^ fingers of a child can bend it ; it can be 
endowed almost with the hardness of a 
diamond, and receive an edge that will cut 
when it is white-hot. It can be as brittle as 
glass or as flexible as rope ; can have a spring 
that will bend double and recover unhurt, or 
be as dead as lead ; can be magnetic or non- 
magnetic, a conductor of electricity or a 
non-conductor. It can take some of these 
qualities, lose them, and regain them, 
according to the treatment given to it. 
All these kaleidoscopic qualities and changes 
are being studied with a scientific care and 
an enthusiasm unparalleled, in order that 
they may be known and fixed and made 
adaptable, under perfect control, for specific 
uses, because there are a hundred steels, 
each more suited than the rest for some 
particular purpo.se. 

We may assume with confidence that 
steel was discovered by ac'cident. Unques- 
tionably it was used in the ancient World, 
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and has been used to some extent for si> 
thousand years, though little material evi 
denc(? can remain from tliose distant days 
owing to the tendency of all compouiifh 
with an iron basis to moulder away throuj;! 
rusting, or oxidisation, if exposed to damp 

The Diteovery of the Material which is 
Revolvtioaising the World 

We can see man in extremely early times, 
when not far removed from his primitive 
state, making his fire in a hollow surrounded 
by lumps of hard earth that chanced to 
contain iron and traces of the other metals 
commonly associated with it. The heat 
melts the metals till they run, and as they 
become fused they combine with carbon 
from the burning wood ; and in proportion 
to the saturation of the iron with carbon, 
or the keenness of the draught that l)ui ns 
out the carbon and other elements in ilu* 
ore, a workable lump of iron or accidental 
steel is formed. A natural step would be to 
plunge tliis lump of metal into water, as it 
]mssed from the molten to the heated state, 
so that it might be cooled, and this would 
lead to the discovery that water not only 
cooled but hardened the mass. In some 
such way the original smelter made liis 
discovery, and came by the material that 
is now revolutionising tlie world. 

That original simple ]>rocess of smelting 
is still imitated, though with (dahoratioiis, 
in every country that has rich iron ores 
and forests close at hand ; and tlie best 
iron, or roughly prepared steel, as in 
Sw'cden, is released from the ore on an un- 
pretentious hearth, by means of a charcoal 
lire. Indeed, it was not till the beginning 
of the eighteenth century that coal, in the 
form of coke, instead of charcoal, was used 
successfully for smelling ; and the story <d 
the English iron industry before inodeni 
times is in great measure the story of the 
destruction of our forest lands. 

The Little Bit of a Sussex Forest that Still 
Staads Rouad St. Paul's 


The steel-producing areas were at one 
time the Wcalden forest of Kent and 
Sussex, Rockingham Forest in Northamp- 
tonshire, the Forest of Dean in Gloucester- 
shire. and the forest in Hallarnshire, along 
the courses of the Rivelin, Rother, nnd 
Don, that surrounded the ancient town of 
Sheffield. The half-mile of iron railings 
round St. Paul's Cathedral are made of iron 
from a Sussex forest. Now only the 
Forest of Dean remains a forest; and thoogli 
Sheffield is still the greatest steel-making 
centre in the world, its one reminisceiici ot 
the days of charcoal-made steel is its bol^' 







THOTOGRAPHS OF TIIF GREAT STEEL WORKS AT PITTSIJUKG TAKEN AT NIGJIT 

fT ililics of some of the ifreatcst and U:ht-«ciuipp«tl iron works in Sheiheld were pl.irod at the disposal of I'oi>ul.ir Science for the phot..«r.iphs in these 
■| wllii'h were taken at the Park Gate' Iron and Steel Works; the works of Messrs. Brown, Bayley & Co., Atterclitfe ; and the Toledo Works of 
Messrs. Andrews. Jlie photographs of Pittsburg Steel Works ate by Mr. Van der Weyde. 
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hills — that is bale, fire, or furnace hills — 
sloping up from the west, and in the olden 
times concentrating on the specially placed 
smelting-hearths an intensified natural 
draught. In his “ Sliort Studies on Great 
Subjects,'* Fronde pointed out that the 
county of Kerry, now apj)arcntly doomed 
to perpetual barrenness, was denuded of its 
supposedly inexhaustible forests to smelt 
imported ores. It has been argued seriously 
that the ultimate problem of industry will 
not be a scarcity of iron, but of fuel with 
which to melt it, so abundant is the metal 
in the earth's crust. The use of coke as a 
melting fuel began just in time to save a 
remnant of English woodlands. 

Iron ore the iron varying in richness 
from 20 to 70 per cent, of the whole — is 
found in all ])ai ts of the earth, but in some 
localities it is so mixed with elements 


In the proportions of the elements that 
compose it an ore is usable for the produc! 
tion of iron castings, or of mild steel mado 
for constructional purposes by the Bessemer 
process, or of high-grade steels of giv ^t 
monetary value made by the crucible pio. 
cess, and suited for operations of the finest 
nicety. The presence of sulphur or phos- 
phorus in undue proportions makes an nre 
unworkable when melted, but mangaiHsc 
may give it an added value. The Banow 
ores are comparatively free from pJios- 
phorus, though most English ores have an 
embarrassing proportion of it. The Styri.in 
ores are exceptionally free from phosphoi lus, 
and have an unusual percentage of man- 
ganese. And Swedish ores, both by tluir 
quality and first rough processes of niann- 
facture for transport, are competed for 
keenly by buyers coming from whercsoi vn 


harmful in steel- 
making as to be 
almost unusable. 
Sulphur and j)hos- 
phorus arc the 
most deleterious 
ingredients. The 
richest ores in con- 
tinental Europe 
arc deposited in 
Sweden, Styria, 
Luxemburg - Lor- 
raine, and Spain ; 
and in the British 
Islands in the 
Barrow district, 
S t a ff 0 r d s h i r e, 
L a n .1 1* k s h i r e , 



good steel is 
made. The i>rin- 
cipal question in- 
volved in lln‘ 
productive j)r(i- 
cesses to which \\t 
must now alhulr 
is that of quality, 
since the gradiiif^s 
of partly reliiuMl 
ore, and the sti‘(‘ls 
prepared from 
them, cover a 
remarkable ran!;L‘ 
of in o n e t a i y 
values. Steels 
vary in their t\ j)es 
a n d values as 


Cleveland, West 


THK TOP OF THE FURNACE 


much as wtaxls 


Yorkshire, Lincolnshire, and Northamp- 
tonshire. But each of these deposits is 
comparatively insignificant compared with 
the quantities obtainable in the Lake 
Superior district of the I'niled States and 
('anada. It is the use of this enormous 
store of raw material that has placed 
America far ahead in its aggregate produc- 
tion of steel, if low and high grades at small 
or large prices be included in the reckoning. 
As brought from the earth in ore, un- 
rcleased ancl unrefined, iron groups into three 
type.s — magnetic, luematite, and carbonate 
ores. The magnetic ores, richest of all, arc 
found in Sweden and the Lake Superior 
region; the Ineniatites in the United States, 
Bilbao (Spain), Luxemburg- Lorraine ((ier- 
many), Cumberland, Liucolushire, and 
Nortliamptonshire ; and the carbonate ores 
m St^Tia. Staffordshire, Cleveland, South 
Wales, Wtist Yorkshire, and Lanarkshire. 


vary in their ilcclinc from a fine piece of 
mahogany down to a deal board. 

The object of the first process is the 
extraction of the iron in a crude slate from 
the stony or earthy ore in which it Jias 
been deposited, and tliis process varies in 
character and accessories according to 
national custom and the requirements of 
the different ores. When the percentagt' of 
iron to refuse runs low, large furnaces and 
great heat are needed — as with the Cleveland 
ores — ^but where the deposit is pure and rich, 
small furnaces and individual labour inay 
suffice. The object in either case is to 
separate the iron from its attendant im- 
purities. Usually the furnace is a liolknv 
tower fed from the top with ore, fuel, and 
lime -the lime being added* so that uiuUr 
the action of heat it may coalesce with thr 
silicates in the ore. A powerful blast 01 
hot air is introduced at the bottom till the 
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the outside of the blast furnace 



I pliotograph gives an impression of the almost incredible slrengtli of the furnaces in wliich the 
si fires that men can make are always burning. The truck of iron ore, seen being filled in the previous 
picture, is here being poured into the shaft. What happens inside the shaft is seen in the next picture. 
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whole mass of metal is liquefied, while the 
lime and silicon form into a cintlcr or slag, 
which floats on the molten iron and allows 
it to 1)0 drawn off holow and iim as a stream 
of lire into cliannelsof sand, where it cools 
and sets. 'J'liis is pig-iron, the raw material 


than iron and carbon, such as silicon 
phosphorus, sulphur, copper, and man 
ganese. A large amount of carbon makes 
it hard, brittle, and unworkable by tj^ 
hammer, though if of good quality it ma\ 
be used for rough castings. 



INSTDK Till-: CiUKAT HLAST FIT K N A C IC Tlf K FIKK FkOM WlirCU IRON RUNS LIKIC WATJ K 


Hiis MHliiiii i>l altiiiiati: sliovs h^»\v ilii* liil is InwcTL'd so that the ir\m ore falls into the lire. The liil elose',, and ^ases rush in''' ih'* 
pipe on llie M^lil ati«I inti> the stove, wheie they help to woik the iii.'ii:hiiiery whirh diives the hot air into the hottoni of the 
Jt is the iie.nt-iulous lorce tif this blast i>f hot air, rushing throii;;h the fiery furnace, that melts llie iron until it trickles out like waiii- 


of the steel iinlustry. Pig-iron is graded 
according to the differenr v oiclitions of the 
carbon it has taken up from the fuel with 
which it was melted, but it contains a 
varying ])ercent ig<' of other ingredients 


The next step is to make it more adapt- 
able, more easily manipulated, and sc ip* 
crease the range of its uses. To this (nd it 
is melted again, and while in a molten 
is ‘‘puddled'’ in the furnace, being si mi"'* 
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( I.OSE VIEW OF THP: blast furnace and the AIRSIIAFrs FROM WHICH THE HOT AIR COMES 
I In iron runs out of a furnace into moulds cut out in sand, where it sets in solid bars or in>*;ots. The 
^^’•1 moulds, shown at the lop of Uiis page, are shown filled w'ith white-hot iron on the previous page. 
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and worked and squeezed with a long 
iron bar to relejise tlic iron from more of 
its imjmritics and reduce its carbon. 
When the iron so treated has also 
been hammered and rolled it is called 
wrought iron, and 
is soft enough to 
lx* heated and 
worked by hand 
into any shape. 

But wrought 
iron and mild steel 
arc really indis- 
tinguishable b y 
their chemical con- 
tents. Wrought 
iron is iron with 
less than *3 per 
cent, of carbon in 
it. With from 
*3 per cent, to 
2*2 per cent, of 
carbon the com- 
position is com- 
mercially known as 
steel ; and with 
from 2*2 to 4 per 
cent, of carbon the 
substance is cast 
iron — hard, brittle, 
and unmalleable. 

Steel, indeed, has 
been defined as 
carbonised iron, 
intermediate 
be t wee n wre )ugl 1 1 
and cast iron ; but, 
as a matter of fact, 
steels are formed 
with as little 
carbon in their 
com|)osition as 
wrought iron has, 
and with as much 
as cast iron has. 

T he a i in i n 
making steel is to 
control the com- 
position of the 
substance a n y- 
where between the 
extremes of soft- 
ness and hardness, 
so as to suit what- 
ever purpose may catching the st ag, or 
be in the mind of from 

the manufacturer; and by using alloys a 
greater hardness than ca^d steel may ..be 
produced without any toughness being 
lost. In short, the skilful steelmaker 



scientifically takes command of the coin-' 
position of his product. This is essential if 
great responsibility has to be placed on tho 

material when it comes into use. But. 

short of that, large masses of lower-grailc 

steels are rnadu 

for more gencial 
purposes l.y 
cheaper methods; 
and we must looi' 
for a moment at 
these popular i)ro. 
ductions, for sttvl 
has conquered 
j along two main 

lines of advance— 
one the line of 
quantity a n d 
cheapness, anti tlu' 
other the line of 
quality and 
supreme fitness. 

Until the middle 
of the eighteenth 
century steel was 
of irregular and 
doubtful quality, 
the reasons for its 
variations being ill 
understood. Ibit 
in 1740 Benjamin 
Huntsman, a n 
ingenious clock- 
maker f r o in 
Doncaster, settled 
on the outskirts of 
Sheffield, and 
secretly began 
making steel of a 
superior character 
by breaking up 
carefully selected 
steel into small 
pieces, and reinelt- 
ing it in small clay 
crucibles — henee 
the name ‘^crucible 
cast steel.” Hunts- 
man’s plan was 
discovered event' 
ually by his Slit 1 - 

field neighbours 
and widely imi- 
tated, and the 

DROSS, OF IRON ORE AS district acquired a 
THE FURNACE rep.utatioii for 

producing the finer qualities of steel. 

Henry Bessemer, the inventor who rc\'o- 
lutionised modern steel-making by enabling 
the commodity to be produced in laree 




\ RUNNING STREAM OF WHITE-HOT IRON 





I Ih* top pictiiro shows iron at white lieat running throuj^h the moiikl in the ground. Tin* lower picture 
‘iows an enoimous ladle pouring out thirty tons of molten iron brought direct from the blast shaft, 
and now being poured into a furnace for conversion into steel. 
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S A STREAM OF IRON FROM THE FURNACE RUNNING INTO THE CONVERTER TO BE MADE INTO STEEL 



The molten metal that runs trom the lurnace is called pig-iron— so named because the moulds into which it runs were said to look like little pigs ; and the pis 
iron that is to Ix' niiK.t- into steH is clirectt-d. either direct or in ingot form, into a Bessemer converter, where other cheniicai substances are introduced. *■ 
u. vritK blast »>t c<*ld air is through l\ie eon\ erter through small jets, and the next pirliire or the t'on\ erter shows this iiu;;e \ t-sse/ in full hlnst. 
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quantities at a cheap "rate, was also asso- 
ciated with Sheffield, where he set up his 
woiks. He was the son of a naturalised 
frenchman. His plan was to blow through 
molten pig-iron a cold blast of such intensity 
as to burn out most of the carbon, and leave 
a mild steel suitable for rails, wheels of 
railway carriages, boiler-plates, and ship- 
building. His steel was almost as workable 
as wrought iron, though liable to brittleness 
(»u account of the continued presence of 
phosphorus. Bessemer souglit to avoid the 
(lilficulty of eliminating phosphorus by 
sek'cting for liis experiments and manu- 
facturing operations Swedish and Cumber- 
land ores ])oor in phosphorus, and he so far 


unremunerative. Incidentally, too, the 
combination of the jihosphates and lime 
in the Thomas-Ciilchrist process forms a 
valuable manure. 

The story of tlie acceptance of Bessemer 
steel for the manufacturing purposes that 
it suited is a saddening proof of the almost 
desperate conservatism of men who jiridc 
themselves on being practical and despising 
theory. All the railways were using iron 
rails, that speedily flattened out and had to 
be reneweel frequently. Steel rails wen* 
among the earliest manufactures on the 
Bessemer system. They were much dearer 
than iron rails, but then they would last 
ten times as long. But the engineers of the 



IIU)X OKK ON THli MIDT.ANn KAILWAY AT SIIKFFIivLD WAITINO TO UK TAKKN TO TIIK FURNACKS 


succeeded that the use of steel in bulk 
Incaine not only a ])ossibility but an 
economy in many directions. Before his 
time steel had been useil for little except 
making cutlery, tools, and springs. Bessemer 
nceived more than a million j)ounds in 
patent fees, and his i)rocess, with modifica- 
bons, has been adopted throughout the 
world. ' 

i^ater, by lining the Bessemer furnace, 
a* converter, with lime, Sidney Thomas and 
iVrey Gilchrist got rid of a large proportion 
"I the phosphorus left by the Bessemer 
I locess, ancl so reduced the brittleness 
‘*1 the steel. Their method also brought 
use lower-grade irons previously 


various railway comj)ani(*s wouhl not atlmit 
that a steel rail could be workable. They 
rehashed the original argument against 
railways, aiul said the wheels would not 
bite on a steel rail. At last the Sheffield firm 
of John Brown & Co., which had adojded 
the J^essemcr process and started the 
manufacture of steel rails, and had sidings 
of its own joining the Midland Railway, with 
the connivance of some of the company’s 
platelayers continued their siding rails into 
the Midland main line, and substituted steel 
rails for iron. The demonstration remained 
undiscovered until the superiority of the 
steel rails was beyond denial. Tlui admission 
of what had been done was then made to 
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the engineer of the line, who was asked to 
come and see. He saw, was convinced, 
forgave the subterfuge, and ordered the 
first consignment of the rail which by 
reluctantly allowed merit has become the 
rail of the world. 

An alternative method to the Jiessemcr 
process is known as the Siemens-Martin 
process, in which j^ig-iron of a good quality 
is melted, aiid to it is added wrought iron 
and used Bessemer rails, with a combination 
'of manganese and carbon. 

The Cutting end Heating and Hammering of 
the Steel that Comes on to the Table 

Manipulated material largely freed from 
its impurities is thus utilised and reinforced, 
and its (piality is tested by ladling samples of 
the molten metal, the constituents of which 
can be judged with reasonable correctness 
and a homogeneous steel be secured.? 

The advances in the making of steel of 
the finest quality for special purposes have 
been as conspicuous as those by which 
large quantities of the cheaper material 
are produced. 

Tlie Sheffield cutler has a traditional 
belief in what he calls ** double-shear ” 
steel, a belief that borders on affection. 
Bars of rough steel, or “blister’' steel, 
ill which the iron and carbon arc but ir- 
regularly and not homogeneously united 
through the whole mass, are broken up 
again into shorter lengths and formed into 
a bundle, or faggot ; then reheated and 
hammered under a heavy mechanical 
hammer. The process is repeated, and the 
steel so treated is called “ single shear ” or 
“ double shear,” according to the number 
of cuttings, heatings, and hammerings 
through which it has passed. Steel worked 
in this way is far superior to that produced by 
the Bessemer process, especially for cutlery. 

The Marvellous Steel that will Cut for 
Hours with its Edge White-Hot 

The latest sensational developments in 
the steel world have been seen in the per- 
fecting of crucible steels of the highest 
([uality, ])articularly the “ high speed ” 
variety. These steels arc made largely with 
alloys, manganese, tungsten, chromium, 
and nickel being used in conjunction with 
iron, and, of course, carbon. The best 
Swedish bar-iron, whose composition can l^e 
estimated, is melted in a clay crucible, 
and to the molten mass are addetl alloys 
in their purest form, so that the composi- 
tion of the liquid may be scientifically 
adjusted, and the propo’-tions of iron and 
carbon with the alloys mav be controlled. 
In this way special steels are prepared, 
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their exact properties being understood, 
and their adaptation to particular usc> 
secured. Thus “ high speed ” steels aiv 
made which in the form of a drill will cm 
other steels with an apparent ease Ih.i! 
suggests a tasting-scoop boring its Wii\ 
through a ripe cheese ; and when a turnin- 
tool becomes white-hot in machining a 
shaft running at an almost incredible spec<l, 
it will keep its cutting edge unaffected for 
hours. So valuable are some of Hum* 
special steels that they sell at as high a 
price as £250 per ton, whereas thoroughh 
good tool steel for ordinary purposes may 
be bought for £50 per ton, and satisfactoi y 
Bessemer or Siemens-Martin steel for £10 
per ton. 

Steel is not only made harder on the oia* 
hand, or more workable and ductile on tlic 
other hand, by its carbon contents, but 
also by hardening and tempering, and tin- 
manner in which it is cooled. It is liardeiud 
by sudden cooling and softened by shnv 
cooling. The change of tcm])oralure is 
told by changes of colour, and the steel can 
be raised or let down in temper accordiiii^ 
to the use to which it is to be put. 

The Material fKat Goes Out from Sheffield to 
Help on the Work of all Nations 

Some alloy-steels have the remarkable 
property of combining strength and hard- 
ness with ductility, and are made ductile 
by sudden cooling, so contrary and clusi\’(‘ 
are the qualities of this Protean substance*, 
the secrets of whose manufacture are 
guarded with jealous care by the staff of 
metallurgical chemists who control in the 
great works the production of the wonder- 
working metal. 

While enormous quantities of low-grade- 
steel Tor general trade purposes are pro- 
duced in the United States and Germany, 
and similar qualities arc also made in 
various parts of Great Britain, the higlie-^^t 
qualities of steel, of great value compare-el 
with weight, arc almost exclusively inadi* 
in Sheffield ; and American, German, ami 
French manufacturers buy largely from 1!^- 
Yorkshire city the steel they need for tlu- 
more delicate and responsible parts of the* 
machinery they arc making. 

All the world has heard of Sheffield as a 
cutlery centre ; and it is widely understfx"! 
that the city- is busy forging great guns and 
armour plate, and making sUclls, throuf^h 
such firms as Vickers’, Cammell’s, Brown 
and Hadficld’s, but it is nob equally wi II 
known that the city, through its Clydi-, 
Continental, Toledo, Dannernora, Bright- 
side, and Portobcllo steel-making plants - 





< “u or the niidcllL' of tho IVsscnicr convurUn* rushes a roaring llaiue lirsl violel, then orani^:e, then a 
'i iz/linj; white, and at last a faint bine, which is the sijjn that all the elements except the iron have i)een 
•"unt up. 'fhe unknown (luanlUies of chemical substances are now removed, niul kvo-ani quauhiu's are 
l'‘*nred in, the eiYect of which, when the full blast of cold air is tinned on, is to I'liaii^e the white-hot 
mass of iion into steel. . The lower converter is pourinjj out twenty t<»ns of linest steel, 
o '-2^5 
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to name only half a dozen works out of In the ancient industry of agriculture, 
scores — is supj^lying as a raw material steel as carried on up to date, steel has dis- 
of the rarest quality to the manufacturers jx)sscssed three-fourths of the labour of 
of all nations. man, and half excluded the horse. From 

Only one hundred and fifty years ago the starting point of the bright plough- 
steel was used merely for the construction share, which not long ago was the only hohl 
of a few common vessels of the domestic that steel had on agriculture, it has annexed 
type, and for whatever tool, instrument, or the sowing of the seed, the clearing of the 
weapon needed a cutting edge or thrusting weedy ground, the reaping, binding, and 
point ; yet now it has become the supreme gathering of the grain, the thrashing of it. 
substance in all processes of industry that and its conveyance by traction engine to 
require machinery, or a strength and the station. It sinks the farmer's well on 
stability short of massive weight. (Capable his farm and carries water for him t(; 
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of being forged by liainimn ing or rolling, convenient drinking corners. It wire-fciia s 
or of being east to almost any shape in a his fields, and gives him the shelter (»! 
mould, of being bent without losing its galvanised sheds. Almost the only one (»l 
tenacity, <'f being cut and welded, of i)eing its older uses left is tlie lining of his ciu i- 
drilled and riveted by the use of itself wheels with iron, unless, indeed, the modc>t 
when properly composed and tempered for sickle, scythe, and spade be used on the 
the purpose, steel has taken commnnd of smaller plots, or in out of the tvay districts, 
all other constiuctive materials, simh as The waste products from its purification 
wood and stone, and has dcpr.sed them come to the farmer as manures, 
into quite a secondary jdure, so that they In the one human activity that is oldci 
become little more than accessories * to even than farming -that of fighting- -steJ 
its pervasive streiigili and adaptability. has taken such a leading part that theon]> 
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competitor challenging comparison is the 
allied science of explosives. The monstrous 
warship is but a steel smithy. Whatever 
wood she may have is so small a part of the 
whole that in a battle it may burn away* 
unheeded. The sides of the monster are 
steel hardened to the last degree, with 
such skill that if they be pierced they will 
not crack. The projectiles flung from the 
great guns are steel-bodied and even more 
formidably steel-nosed, so as to pierce the 
densest and thickest armour if the blow can 
be squarely struck. All that both arms 
and armour were to the knight of old, 
steel is to the armies and navies of to-day. 

The Amesing Metal which ham every Factory 
la the World at ita Mercy 
• In the manufacturing world every 
industry, including those that depend on 
animal and vegetable life for materials — 
on wool, and silk, and leather, on cotton, 
rubber, and fibre — is at the mercy of steel, 
through the machinery that prepares all 
materials for human use. The factories 
of Manchester, Leeds, Nottingham, and 
Leicester are crammed with machines that 
have their origin in the ores of Sweden, 
Barrow, Cleveland, and Staffordshire. 

The building and equipment of our 
houses, offices, and shops mark one of the 
highest advances of the tidal wave of steel. 
Almost every modern urban building that 
has pretensions to stability of construction 
and rapidity in erection has its walls now 
filled in on a framework of steel. It is 
this domestic use more than anything else 
that has contributed to the enormous 
growth of the low-grade American steel 
trade. Except where wood, stone, or brick- 
clay are ready to men’s hands, steel and 
cement seem likely to become the building 
materials of the civilised world. 

How Steel Keeps Company with Most of Us 
Throughout our Daily Lives 

Note how, from the domestic point of 
view, steel enters into the morning life of 
the average citizen. He is awakened to 
consult a watch whose life-force is a spring 
of the best- tempered Sheffield steel. He 
rises from an iron bed, made easy by steel 
springs. He shaves with a Sheffield razor, 
tnough the Hamburg grinder of it may 
have given, it a German name. If the 
house is of ^modern build, the occupier may 
descend by a steel staircase, to eat with 
stQg] cutlery a breakfast cooked in a cast- . 
iron oven with steel fittings. -He takes his 
confidential papers for the day’s use out of 
an impregnable steel safe ; makes notes’ ot 
his morqing’s correspondence with a steel 
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pen ; and, his watchful wife having made 
safe an unsteady button by the help of a 
steel needle, he leaves the house, pausing 
for a pleasant moment to hear his child 
practising music on a piano strung into 
perfect pitch by the finest steel wires. 

Turn to the modern industry of mining, 
and we find that steel has taken a place of 
prime importance. The lives of the men 
who descend the coal mine are suspended 
from a thin rope of twisted steel wires. 
Whatever machines or tools are used in 
releasing from the earth its minerals, and its 
metal ores, in whatever type of - mine, 
worked by steam, or electric power, orT)v 
hand, they are made of specially tempered 
steel ; steel ropes, too, are the universal 
instruments of haulage. It is the endless 
steel wire that smoothly slices the slab of 
marble from the face of the quarry where 
it has been deposited. It is the steel 
stamper that pounds the gold-bearing rocks 
to powder, the bell-shaped crusher tliat 
breaks down into smaller and smaller pieces 
whatever rocks are drawn into its irresistible 
maw. Other materials are conquered by 
steel as if in play. The keen steel axe fells 
the giant tree, and the steel saw shapes its 
huge bulk into beams, planks, shingles, and 
innumerable shapes for the joiner’s use. 

TLe King of Metals that carries Maa and 
Materials to the Ends of the Earth 

Most of all, however, the reign of steel as 
the king of metals is proved by the part it 
t^kes in the transport of man and materials 
to the ends of tlie earth by land and by 
sea. The tramways in our streets might 
be used to illustrate the qualities of almost 
every kind of steel, from the rails of 
ordinary strength, to the special lengths 
in sharp curves, points, and crossings, 
hardened to endure any degree of grinding 
action from the car wheels, while the 
heavy machinery under the floor that 
steadies the lofty car tells a new tale of 
the use of steel in electrical generation 
and appliances. The tube railway burrowing 
through the earth is all steel, with tlu^ 
trains it carries and the lifts that feed and 
relieve it, except a few trifling wood and 
glass fittings. It is much the same wit li 
the railways — the great engines that career 
along them, the tracks over which they 
run, the carrTages that give us comfort — 
framework, axles, wheels, tough couplings, 
springs that sway us with the; smoothness 
of aerial motion — all are of steiel ; and so, 

. teo, are the mighty bridges that straighten 
the pathway over mountain gullies and 
^span the broad-mouthed rivers. 
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A TREMBLING BAND OF IRON ^AN INGOT BEING ROLLED INTO A RED-HOT RIBBON 

I’lit; steel, having been set, is put under an enormous steel hammer to be flattened, hardened, and shajTetl for standanl weights. Some 
must l>e rolled out into lung, tnin lengths, as in this photo, showing a band of red-hot iron ruiming to and fro through a series of rollers. 


If wc choose to be our own propelling 
force, the friendly bicycle is entirely made 
of steel, tempered to suit the particular use 
of each part, the ease of its working being 
(lepciident on the adoption of one of the 
finest steels for ball-bearings. The motor- 
car is an elaborate triumph of steel con- 
struction, only equalled, perhaps, by the 
latest development of 
man’s ingenuity, the fly- 
ing machine, in which the 
safety ol the aviator de- 
piMuls not less on the 
([uality of his tense steel 
stays and unfracturable 
machinery than on his 
own skill as a helmsman 
or the caprice of the winds. 

But most of these illus- 
trations of the potency of 
steel as the world’s prime 
material in strength and 
manageability grow feeble 
in comparison with the 
great steel ship, ploughing 
tlirough the ocean storm, 

'vith her thousands of 
^nuls aboard, steel in all 
essential parts, with wood 
glass and felt appear- 
ing only in the ornaments 
and dressings. The huge 
H‘ams, bulkheads, and 
l<eel on which her sides are 
e lamped are steel ; so also 
file doors that shut her 
into watertight boxes ; the 
Sides that sink deep into 
fhe sea and tower high 
above it, are steel in every 
plate and rivet ; steel the 


great labouring engines and the huge pro- 
peller-shafts that thrust her headlong 
quivering through the waves ; steel the 
boilers that generate and store her power ; 
steel the masts that are her reserve resource, 
and the very rigging that takes the place of 
the ropes of an older industrial world ; steel, 
too, the hawser that holds her steady at her 
anchorage ; while, should 
accident happen,, it is on 
the expert craftsman in 
steel engineering, with his 
tools and stores aboard, 
that the passengers must 
rely for repairs and safety. 

The chief activities of 
the civilised world have 
been revolutionised during 
the last fifty years — a 
revolution of progressive 
intensity, depending, on its 
matpial side, upon the 
utility of steel. Behind 
this progress, no doubt, 
has been the discovery of 
methods of generating 
mechanical energy, but the 
practical use of this energy, 
however generated, has de- 
pended upoTi the develop- 
ment of a constructive 
material strong enough t(j 
convey or even store the 
energy, and that material 
is steel, which has re- 
sponded to all the demands 
made upon it, and has en- 
abled the inventive genius 
of mankind to secure an 
expansive and complete 
expression. 
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A FLAME THAT ROARED LIKE THUNDER 



THK TREMENDOUS POWER OF NATUKAT/gAS A FLAME, KINDLED BY LIGHTNING, 

ROARED LIKE THUNDER AND BURNED 200 FEET HIGH FOR FIVE WEEKS, IN KAN*^ ^ 
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THE WORLD’S REAL WEALTH 

The Millions of New People Coming into the 
World and the Effect on World-development 

USING UP THE ENERGY OF THE FUTURE 


I H KKATUKE abounds with terms in which 
L the world is expressed as huge, enormous, 
Imi the astronomical student quickly finds 
cause to revise his early conceptions of the 
i-ivatness of the planet which is his moving 
(,l)sorvatory. 

Ih‘ learns that the earth is small, even as 
(oiiipared with some of the other bodies 
hoiiiul by gravitation to the Sun, and that 
the Sun, which dwarfs the earth to com- 
parative insignificance, is himself a star 
ol no great order. But it is not only in 
n latioii to the cosmos that the earth has 
exceedingly narrow limitations. It is of 
the utniosl im])ortaiice for the student of 
commerce to realise that the planet we live 
on is small even in relation to man himselt 
and to the needs of man. Tt is not necessary 
to ns(! the earth’s orbit as a measuring line 
to realise how man is “ cabin’d, cribb’d, 
('onliif d ” within borders by no means too 
I'leat for his needs and aspirations. 

W'e are not concerned here witli the 
])<i>sil)ilities or probabilities of the remote 
Intine, and the ])roj)hecies of Professor 
Lowell as to mankind perishing on a 
\\ a lei less planet need not detain us. 
Lousidering merely the near future, how- 
‘-Vir, in the sense of the next few 
iiei ations, it is of profound import- 
aiKe to observe that the rapid increase 
the number of men, combined with the 
I ipid increase in the standard of life of 
Leai ly nW men, makes a general survey of 
|li< earth’s resources incumbent upon us 
h hv industry and commerce we are to 
hiiiiish forth in amplitude the material 
haiucwork of civilisation, and supplies to 
iJiiiHitain thousands of millions of highly 
developed human beings. 

h is dillficult to estimate even approxi- 
*h*ly the rate of increase in the world’s 
L' pnlation as a whole, but the increase of 
great white civilisations alone is over 


si.x millions a year, ('omparing the figures 
for i8ji and i8()6 with those of iqoq, for 
Europe, the United Stales, and the British 
Colonics, we find a remarkable advance. 

The facts ])resent abuiulant food for 
reflection to all who are interested in the 
tlevelopment of mankind. Here are these 
wonderful and significant figures. They 
cover the greater ])art of Christendom, 
the Latin American Republics Inung the 
most important omissions from the table. 

RISK OF rorULATlON IN GREAT COUNTRIES 
'I'lic li^iucs .'irr in loiiiui iiiilliiiits 


(ountry 

1S3T 

TSf/) 

lOOQ. 

Ihiitfd Kingdom 

21- 

.|() 

4 5 

France 

.ST 

.s« 

30 

(teriiKiiiy 

-JO 


64 

Kiissi.-i 

5 5 

I(»0 

120 

Austria 

.S‘> 

• 1 .S 


Italy 

j I 


34 

Other countries 

.SH 

50 

1 <^>7 

Tot.'il lor luiropi* 

jjS 

; 

1 419 

United Stat(‘s 

If) 

yo 


British Dominions 


12 

19 

Grand total 

1 210 

451 

527 


In Europe, the British Dominions beyond 
the seas, and the United States, the ]}opula- 
tion has much more than doubled in 
about three-fourths of a century. 'Hie 
European population has almost doubled, 
in spite of the great tide of emigration to 
the New World, which has swollen the 
])opulations of America and the British 
Dominions. The extraordinary growth 
and development of these ]:)arts of the world 
stand out as the chief feature of the record. 
We may note the almost stationary 
character of the population of France, 
which in i8jt possessed one-third more 
people than the United Kingdom, but now 
is less than Britain by over 5,000,000. 
The advance of (jennany is also notable, 
and is an expression of what industry and 


the money system- political economy- distribution and exchange 
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commerce can do for a gifted people when 
associated with peace and security. It 
is impossible to furnish satisfactory com- 
parative figures for Latin America, but 
here also great advance has been made in 
recent years, Latin America now numbering 
a population of about 60,000,000 people. 
In 1911 the population of the whole of 
the American continent reached about 

160.000. 000, against about 430,000,000 in 
Europe. In an incredibly short space of 
time — ^little more than two generations — 
the American continent has. become a 
congeries of great States possessing a total 
population almost as great as that possessed 
by all Europe two generations ago. The 
United States alone has nearly a hundred 
million people. 

Simultaneously the great and unnumbered 
populations of Asia and Africa have been 
making vast increases. The energetic in- 
habitants of Japan are reaching out to the 
continental mainland. Australasia, it is 
true, has still but about five millions of 
people in the vast spaces of this great 
continent, but immigration is increasing, 
and the twentieth century will undoubtedly 
add enormously to the population. 

The Potentlaiity of a Great Nattoa that 

Comet New into the World Every Year 

The birth-rate of the white peoples has 
been falling, but their death-rate has been 
also reduced; and with the progress of 
preventive medicine we may expect a 
further improvement, especially in infantile 
mortality. There is every reason to believe, 
therefore, that the near future will witness 
llie continued multiplication of mankind. 
The importance of a proper distribution of 
the world's production will consequently 
increase, and the leaders of men will be 
driven by necessity to greater efficiency in 
the production and distribution of food and 
other commodities. The world’s population 
is approximately 1,600,000,000, and it is 
probably increasing at the rate of about 

20.000. 000 a year. We have to endeavoiu: 
to realise that the world’s resources are- 
drawn upon each year by an additional 
mass of people as great as about one-half 
the population of the British Isles. The 
earth gains in tw'elve jmonths enough new 
people t9 make a new great nation. 

Man has already explored and mapped 
nearly the whole of the land surface of the 
ijarth, which occupies about ongTourth 
only of the world’s area. The land, surface, 
of the earth is about 53,000,000 sqijare 
miles ; and it is of interest for the British 
reader to note in pissing that the Britisk 
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Empire covers about 11,300,000 square 
miles, or more than one-fifth of all the 
world’s land, containing about one-fourth 
of all the world’s people. 

The distribution of land upon the earth’s 
surface presents some remarkable features. 
By far the greater part of the land lies 
north of the equator. The great con- 
tinental masses taper to the south. A 
hemisphere with the British Isles as its 
centre contains most of the land of tlie 
world ; a hemisphere with New Zealand 
as its centre is nearly all water surface. 

Half of the Wotld ia which the'' Greater 
Part of its Work is Done 

It is in the North Temperate Zone that the 
greater part of the world s work is done. 
Here live the majority of the world’s white 
people. In the South Temperate Zone 
there is comparatively little land, and here 
are to be found the million whites, Briton 
and Boer, of South Africa, the 3,000,000 
whites of Australasia, and part of Latin 
America. In the Torrid Zone is the greater 
part of the African continent, the Indies, 
and a large part of South America. 

The researches of recent years open up 
great possibilities with regard to the 
colonisation of the tropics. We have come 
to realise, through the labours of Sir 
Ronald Ross and others, that insects are the 
conveyors of such dread diseases as yellow 
fever, malaria, and sleeping sickness, and 
that if the white man can successfully wage 
war on the mosquitoes and^ other flics 
which introduce the bacteria of these 
diseases into his blood by their stings’ ho 
can live and work in tropical countries. 
The point has been put to the test on a 
very large scale, by American Government 
enterprise, at the' Isthmus of Panama. 

The Hope that Seieaee will open the Gates of 
the Tropics to Commerce and Civilisation 

In the days when French companies were 
at work on the Canal, construction proceeded 
slowly and at enormous cost of life. Parties 
of vigorous young Frenchmen went out to 
Panama, to perish or to become permanent 
invalids. The American Government began 
by preventing the breeding, on the Canal 
zone which they purchased from the Panama 
Republic, of the two varieties of mo^uitoes 
which respectively convey malaria and 
yellow fev5. As a consequence, these dread 
diseases have been entirely. '.banished from 
the Canal works. The death-rate of all em- 
ployees of the Canal work in 1909-10 was 
only 10-84 per ; and the American clnet 
sanitary officer. Colonel W. C. Gorgas, gives 
it as his opinion that it has been conclusively 
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.lioved that white men can colonise the not only continuing, but accelerating; and 
t opics, the Torrid Zone. He says 1 think the twentieth century will witness changes 
. lie sanatorium can now show that any popu- even more remarkable than those revealed 
l.ition coining into the tropics can protect by our survey of the development of 
itself against these two diseases malaria Christendom in the last eighty years. 

.md yellow fever — by measures which are' The Governments of “new*’ countries 
Doth simple and inexpensive; that, with arc beginning actively to advertise their 
these two diseases cliniinated, life in the attractions and resources to the peoples of 
tropics for the Anglo-Saxon will be more the Old World, in order to gain citi^^ens and 
iicrdthful than the temperate /.ones ; that ca])ital. This is true not only of the great 
gradually, within the next two or three Hritish dominions, but lately of the South 
( i iiliiries, tropical countries, which offer a American Republics. New lands will gain 
uuuh greater return for labour than do the increasingly by immigration, and by the 
iiMuperate holies, will be settled uj) by the export of capital from settled countries, as 
white races; and that again the centres of well as by their own native increase, and 



IllK TWO UALVJ-.S OK Tlllv WORIJ), SHOWING W'lIKKK MOST OK 111 K WORK OK THIv WOKCl) IS DONK 
\ li( niisphfn- with tin- IJriiish ImUis as its rciitit; the North 'I'lMiiperate c iMitaiiis inoM of th*- I.iiul of iht| worltl ; a hemisphere 

/calami as its centre -the South Temperatt* Zum*- is nearly all wal'*r suifacc. It is in tin* loiiiiliies within the Ninth 
'rcnipcrate /one that most of the white people live and most of the work of the world is done. 

ut allh, civilisation, and jiopulatitin will be as a consecjiUMice commerce will greatly 
ill the tropics, as tlii'y were in the dawn of change in vfilnme and in nature as hetweeii 
man’s history, ratlier than in the iemperale various ])arls of tlie world. 

/one, as at ])resent.” What are the great economic forces which 

When we remember that at the tropics determine these changes in the distribution 
tlu: fruitful earth gives a succession of of population and oi the world’s industry 
<'i^)ps throughout the year, and that many aiul commerce ? The answ'er to this 
most valuable natural ]iroducts can mdy bo question is a key to the proper uiiderstand- 
laised in a trojiical climatic, we understand ing of the world’s activities, and ot the 
• mucli the scientific conquest of the greatnt‘ss of certain nations. 

‘•qiuitorial regions may mean to the future The first and most important factor is 
mankind. At presimt, however, such the distribution on the world’s land surface 
‘li'velopmeiits arc little more than in of considerable supplies of energy stored by 
^‘inbryo, and the industrial and commercial Nature in a form available to man. 

‘Uiership of the world is centred in the So far wo havt; learned to obtain supplies 
North. of ]K)Wor on n large scale in only two ways 

( onsidcration of the im])ortant figures on -by the combustion, of fuel and by the 
p ige 231 will show- w'Jiat enormous changes harnessing of water powor. 

t he character and direction of the w'orld’s Other sources of ])owor an^, of course, 
' oininercc have been caused by the re- kmnvn to science, from the w’ind to radium, 
'lislribution of a great part of tlie world’s but none of them is of practical importance, 
most gifted races. Tliis redistribution is It may be remarked in passing, however, 
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tliat the extraordinary and almost miracu- 
lous emanations of energy exhibited by 
radium — fully considered elsewhere in this 
Work- may lead to a complete revolution of 
our conceptions of power-getting, and so 
alter the face of tlie world and the life of 
man as to render all that is written here 
obsolete and valueless. Dealing here with 
the world as we know it, and with scientific 
attainment as it is, we are compelled to 
recognise the all-importance of the distribu- 
tion of the world’s great stores of fuel, «and 
of the world’s great souretjs of water power, 
bearing in mind that these factors determine 
the distribution (d industries, and therefore 
the centres of pojnilation, and therefore the 
direction and nature of commerce. 

The Distribution of the Chief Fuels in Use 
Throughout the World 

Let us consider, first, the distribution of 
the world’s fuel. 

Fuel is kiKAvn in a number of forms, as 
wood, as jieat, as coal or lignite, as oil, as 
gas, or as alcohol, and each of these forms 
has been utilised in ])ractice for industrial 
]mr]>osos. Let us i)ass them in review. 

Wood can be indefinitely increased by 
man, but the ])assiiig of wood as industrial 
fuel will be understood when it is remarked 
that the iron work of the United Kingdom, 
if now accomplished by wood fuel, would 
call for more timber than could be grown 
on the entire area of the Ihitish Isles. 

Peat fuel is of considerable value, but the 
supply does not make it of consaderable 
importance as an industrial factor. 

Coal in its various forms exists in 
enormous quantities in various parts of the 
world. It is invaluable, and at present 
indispensable and unrivalled, as a readily 
.ivailable scuirce of energx'. Lignite, or 
brown C(xd. only less \'aluable than coal 
itself, has also a wide distribution. 

Petrohnun is in many respects more useful 
even tlieu coal, but the world’s supplies are 
comparatively not very gri^at. and, as to 
tlieir bulk, confined to a few countries, 
notably the Unitc'd States and Russia. 

The Coal that Determines the Industrial 
Leadership of the World 

Natural gas is another fuel of great value, 
but the supplies are comparatively insig- 
nificant. The immense forces of this gas 
when found in gri^at abunilance is seen in 
the picture on j)age 230. The natural gas 
which caught lire as shown in this picture 
had a force i)ractically uncontiollable, so 
that the fire lasted liv'c' weeks, having 
discharged gas during that time at the rat(> 
of almost three-quai lei's of a million cubic 
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feet a day. We may almost ignore thi^ 
commercial value of natural gas, however. 

Alcohol is an excellent fuel, which can he 
produced from organic sources, such as the 
potato, in practically unlimited quantities, 
but it is not an economic rival of coal or ot 
oil in places where those fuels are found in 
quantities. 

Coal thus stands out as the supreme fuel, 
and therefore as the arbiter of the di.stribu> 
tion of industry depending on fuel. But. 
while the world’s coal is enormous in quan- 
tity, its distribution is most uneqiud. The 
chief coal areas are situate in North America, 
in China, in India, in Australia, in Russia, 
in the United Kingdom, and in Germany. 
Coal area, however, is a very different thing 
from accessible coal — that is, coal at not 
more than half a mile, or at most 4()0() ft‘ei 
deep. In coal thus available, the United 
States, the Ihiited Kingdom, Germany, and 
('hina appear to be the best now known ; and 
the three former countries are consijquently 
the leaders of the world of industry and 
commerce, though in the time to come an 
awakened China may possibly rank with 
them as a great coal power. 

The Great Natural Source of Energy that is 
Practically Inexhaustible 

We come now to the second great sourci' 
of energy — the world’s water power. 

The water power here considered, it must 
be remembered, is that which science ha> 
rendered availal)le. So far, engineers ha\« 
decided that tidal ])()wer cannot be used 
economically. Great use is already being 
made, however, of mountain streams and 
waterfalls in the countries fortunate enougl : 
to ])ossess them. Niagara is now the cento 
of great industrial operations. In France 
in Switzerland, in Italy, in Norway, in 
South Germany, and elsewhere, great devel- 
opnients are in progress, and the term 
“ white coal ” has been coined to expris^ 
the economic value of water power. In tin 
Bavarian Al])s one may find a pictures(|ne 
inn lit by electricity derived from watii 
power. The waters of the turbulent Isai . 
which bears fair Munich on its banks, are U' 
be yoked to make what we arc told is U- 
become one of the greatest industrial centre^ 
of the world. 

A moment’s consideration of a ma]> e* 
the world, Jlnd of the mountains an<: 
streams thereof, will show the iitudent thai 
“ white coal ” is as unevenly distribute<l a^ 
coal itself, and that sometimes a coal-les' 
land possesses water power. Water powci 
has this advantage over coal : that it is foi 
practical purposes inexhaustible, wherea- 



\TU iNING THE FALLS OF NIAGARA 




bids fair U) become a centre of enormous natural power. 'Phis picture shows a ^eni*ratinj5 
‘ lation above the falls, where the water is diverted to turn a ^reat shaft before it passes out at the bottom. 
1 he shaft works the generators, and by means of wires electric power is carried to various towns. 
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a fine coalfield, such as that of South Wales, 
may be creamed of its best within only 
twf) generations. 

This broad review of the world's power 
supjdy enables us to picture modern 
machine industry as grouped in natural 
j)ower areas, and we see tlie great coal 
civilisations standing out supreme, because 
based u]Mm tlie extraordinary economic 
advantage which the possession of coal gives 
tliem. It is because the United States is 
the greatest coal-producer in the world that 
people have been attracted to her as by a 
magnet, and tliat her po])iilation has risen 
from ten millions in 1831 to nearly a 
hundred millions in T911. 

The Immense Increase in the Wheatfields 
of the World 

We pass to the second great determinant 
of the distribution of the world’s population. 
This is fertility. The great industrial 
po]Milations, grouped, of necessity, upon 
coal and water ])ower areas, call for enor- 
mous sup])lies of food aiul raw materials — 
organic an<l inorganic. The gigantic 
increase in the demand for food, caused by 
the multiplication of wealthy industrial 
])opulations, may be illustrated by the 
growth of the world’s wheat crops in recent 
years. Here are figures of the ]iroduction for 
the. last sixteen years throughout the world : 


TlI E 

WHEAT ( ROPS 

OF THE 

WORLD FOR 


Sl.XTIOK 

N YEARS 


V.Mr 

Cwts. ofWIUMt 

Year 

Cwts. of Wheat 

i8<)5 . . 

. 1 ,2 2(>,c )()<),()(>() 

1903. 

. . I , 620 ,(XK),()(X> 

t8(/). . 

. T ,T(;< ),( )( M ),< )( )< ) 

190.1 . 

. . 1 ,4f)(),tMK).(>0<) 

i8(;7. . 

. I , I 4 (),()l)<), 4 ) 0 <) 

190 5 . 

. . 1 

1 8i)8 . . 

. 1 ,4? )(),()( )(),()()() 

1900. 

. . T ,f»fK),tXX),(XX) 

I .S9() . . 

. 1 ,3 I(),t)()(), 4 .)()<) 

1907. 

. . 1 , 500 , 0 (.X),(XH) 

19 ()<.>. . 


1908 . 

. . 1 ,59o,<;xxj,tKX) 

1 91 ) 1 . . 

. 1 , 3 l)(), 4 K)C),(X.>n 

1909. 

. . 1 , 800 , 000 ,tKK) 

194)2 . . 

. . 1 ,i;S( ),« )i)C),(K>o 

1910. 

. , 1 ,73(),oou,tMX) 


There has thus been an increase of nearly 
50 ])er cent, in the wfulil’s wheat production 
in half a generation. Wheat is the most 
])rized of the grasses of which all flesh is 
made. It is the aristocrat of the cereals, and 
the staple food of the most advanced races. 
The Most Extraordinary Period of Expansion 
that the World has Ever Known 
The increase in the imxluction of wheat 
is partly due to the increase of population 
of the nations of ('hristendoin which we 
have already considered; and partly due to 
the rise in ►the staiulard of life of the world at 
large. Consumers of inferior foods in Europe 
have emigrated to the New World, and 
become consumers, or increased ctmsnmers, 
of wheat, meat, and othci pri/eil hxxls. 

It is very remarkable that, although 
the increase in the wheat supply has been 
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greater than the increase in the popC^ 
the price of wheat, as we shall see,'*- 
considerably increased in the period «• 
amined, showing that demand has risen 
even more rapidly than supply. The brom! 
fact is that while, in the last fifteen year- 
tlie world's wheat has increased in quantii\ 
by 50 per cent., its price has also increase . 1 
5 ^ per cent. This is symptomatic of Hr 
most extraordinary period of industrial and 
commercial expansion that the world ha> 
ever known. The resources of the world an 
now being exploited on a scale wind, 
transcends all former experience. Tin. 
quantity of iron brought to market in tlu 
world is one of the best indexes of industrial 
and commercial expansion. Testing tin 
work of the world by this sure standanl, wt 
get the following measure of ])rogress : 

THE world’s production OE PIG IKON 
EOR SIXTY YEARS 


Year Tons of lion 

1S50 4,200,(«h) 

T.Sfxi O.yoo.ooij 

1.S70 

1880 1 1 ,S()(Lt)‘ >«; 

1890 26,9(k ),(«)( 

I9(X) 40,000,01)' 

19(.)9 0o,3oo,oo( 


The Stream of Workers Ever Flowing 
Towards the Great Power Areas 

In the first nine years of the twciilii'lli 
century the annual jirodiicliou of [)ig iron 
increasctl by 20, 000, 000 tons, and tln' 
complete figures for iqio will jirobahlx 
show that between i()()o and i()i(> tlir 
’worltl’s annual ])roduction of i)ig iron li.i" 
risen by 2(), 000, 000 tons ; that is, by an 
amount equal to the entire annual produc- 
tion of tlie world as recently as the yeni 
iSqo. These facts are cloipient of the rapid 
march of industry and commerce. Iron 
the basis of modern work, and the vastl\ 
increased use of iron spells a marvellous 
addition to the world’s railways, steamshi])-. 
and industrial plant. This record shows nl 
a glance the rapid rise in the standard <>1 
wealth and comfort, which is leading to an 
ever-increasing demand for wheaten bread. 

The circumstances we have reviewed 
enable us to comprehend the great streams 
of emigration which flow’ from the Old 
World to the New. We .sec industrial 
workers attracted to great power arca^. 
and the natural fertility of new lands - 
very literally “ fresh fields and pasture- 
new " — attracting from the long-settle 1 
and comjiaratively crowded lands of tin' 
Old World workers anxious to ixiss fnmi 
lands where every yard of ground has bci a 
w'orked over to these spacious territories 



, A T U K E’S PRICELESS G I FT T G C O M M E R (' F. 


I 

. ' ' 



WA TKRi ALT, CAT^TU RKD TO SUl’PLV POWER TO MAKE THIS llUCi K STACK OJ-' TIMPi:Ti INTO PA l•^.R 
tnrcst as a source of power is coming to an end, but tinilx-r, the supply of wliicli .is iiu xliaiislibli* 
n conservi? the forests, has boundless uses. These Uvt) photoj^raphs were taken at (irand h'alls, in 
'GuundUuid, and the water-power and timber seen here are used to make a Loiuloii morning paper. 
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ol the New World whose virgin fertility 
enables crops to be raised for the scratching. 
We see the agricultural group of emigrants 
going forth to help feed tlie world's in- 
dustrial workers. As a consequence, old 
streams of commerce are invigorated and 
new streams arise. An ever-increasing 
number of freight cars and steamships 
is needed ,to transport the expanding 
surplus natural produce of such countries 
as Australia and Canada and Argentina, 
and to exchange them for the manufactured 
productions of industrial centres. 

The Two Million People Who Move About 
the World Every Year 

Such will continue to be the develo])ment 
of the world of commerce for a great part 
of the twentieth century. Nearly two 
million people a year are now transplanting 
themselves from one part of the world to 
another, and the settlement of new countries 
is proceeding apace. New and vast popu- 
lations are growing up in hitherto unpeopled 
areas. There is obviously a limit to such 
a process, even under existing conditions ; 
and the more the pace of emigration is 
accelerated with the spread of better 
knowledge and tinderstanding of what the 
world as a whole has to offer, the more 
rapidly the process must end. The natural 
fertility of new countries, moreover, is 
by no means inexhaustible, and the 
Governments of the New World will 
not for ever have land to give away as a 
bait to settlers. 

l^eyond lies the possibility of such gifts 
by science as shall, by cheapening ])ower, 
or by making power more evenly distributed 
in tiio world, lead to a new settlement of 
mankind on the globe. There is the possi- 
bility also of the control of climate and of 
fertility to an extent yet undreamed of. 

The Grave Consequences of Bringing the 

World's Wealth to Market Unscientifically 

Commercial questions of the deepest 
im]X)rtance to man arc raised by what we 
have considered. We have seen with what 
rapidity world-devclo])ment is proceeding. 
Few secrets are now withheld from geo- 
gra]diy. and the engineer is covering the 
square miles which is the basis 
of all mankind witli a network of railw'ays, 
rendering easily accessible all the world's 
remaining Tiative fertility, all the world's 
forests, and such of the world's minerals 
and metals as can be got by discovered 
methods. We thus get a picture of a'll the 
world’s wealth brought to market as it 
has never been brought before. Tlte 
figures relating to the production of wheat 
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and iron are typical of all, or nearly all, tln^ 
foods and commodities required by man. 

There has been a very grave consequence 
of this recent rapid commercial exploita- 
tion of the world, and that consequence 
is higher prices. We shall see, as we pm- 
ceed, that an increase in the supply of goKi 
partly accounts for the rise in prices ex- 
pressed in gold, but the greatly increased 
call upon not unlimited supplies has been 
a larger factor in recent appreciation. 

We have not taken sufficient thought 
so far in our dealings with our small worhl. 
Within a recent period of history— within 
the lifetime of many of those now living 
man has become possessed of extraordinar\ 
l)owcrs over the forces of Nature. Armed 
with the powers conferred upon us 1)\ 
physical science, w^e have addressed our- 
selves to a world which but yesterday 
appeared limitless in natural resources. 
We have hastily ploughed over virgin soil 
and exhausted it, as in some ])arts of the 
United States, for example. We have laid 
waste magnificent forests without regard to 
the fact that two generations cannot restore 
what can be hewn in a year. We have 
creamed some of the world’s richest and 
most easily worked mines, without, it is 
to be feared, much regard for posterity. 

The Natural Supplies that have a Harvest, 
but no Seed-time 

That is why w’e have seen, at the begin- 
ning of the twcntietli century, an almost 
universal r'se in prices — as compared with 
those of ten or fifteen years ago — ranging 
from necessaries such as wheat to luxuries 
such as sables. Timber is dear, and goml 
timber is scarce at that. Rubber is dear, 
through the careless sapping of existing 
rubber-trees without sufficient replanting. 

Lancashire, and indeed the whole woridV 
cotton trade, is harassed by a shortage ol 
material, because the world as a whole lias 
not taken sufficient pains to consider i1h‘ 
areas in which cotton could be profitablv 
planted. Tin is dear, because the boi 
lias been taken from the w'orld’s cliift 
supply in the Straits Settlements. 1 be 
advanced prices named in long-term iron- 
ore leases in the United States, the richest 
iron country in the world, show that iron 
must become dearer. 

The list rillght be extended indefinite! \ . 
for the world, quite early in the history '»• 
machine industry, has already used miu b 
of its best natural supplies of' materials « *1 
every sort. 

We are here concerned with matters 
profound import for the future of Gre it 
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Britain and of all mankind. It is in- 
ojcasingly evident that industry and com- 
pi, ice must be carried on with a greater 
ni^ard to the conservation of the world’s 
n sources, and that ceaseless endeavour 
must be made to promote co-operation 
1,1 1 ween producing and consuming units 
tliroiighout the world. The beginning of 
siu'li efforts is fortunately already discern- 
ible, and the great nations are becoming 
more and more alive to the necessity of 
taking action in regard to this vital 
pvt >l)lem. In the United States, realisation of 


rubber, vegetable oils, the problem is 
merely one ot looking ahead and taking 
sufficient forethought. We can get by 
industry, and distribute by commerce, 
as much of these things as we need. 
With regard to inorganic supplies, the 
problem is of a more different order, and 
calls for the more serious efforts of science. 
A mine has a harvest, but no seed-time ; 
and the prospect of an iron famine is 
near enough in the future of man to make 
the study of iron conservation, of the 
utilisation of low-grade ores, and of the 



llli: FORKST IN ITS PRTMK THIC NATURAL SOURCK OF liNEROY FOR THOUSANDS OF YFARS 

111- .1 ;i- of the forest as :i source «>f pijWKr is p.'is.sin" away. Forye.irs nu*ii have l:ikl waste iiiaitiiiliefiit forests wit Iiout re.i'anl to the 
•••'I :li.it two generations cannot restore what can be hewn down in a year, with the result that limber grows scaicer and dearer. 


tlii‘ wanton waste which has long proceeded, 
and of tlie necessity of preventing further 
'spoliation, has led to the creation of Mr. 
Iviiosevelt’s Conservation Commission. In 
dll' Kritisli Empire the Imperial Conference 
•n t'i pted unanimously a resolution, moved 
June i6th, 1911, by Sir Wilfrid Lauder, 
urging the appointment of a Royal Com- 
•‘lissioii to investigate and report upon 
tile natural resources of the Empire. In 
^ nnada stern measures have been taken 
to prevent further waste of timber. 

The problem before us is really two 
piohleins. In relation to organic supplies, 
as foods, vegetable fibres, timber. 


economic use of sucli partial substitutes as 
aluminium, a matter of much moment to 
all mankind. 

It is the function of commerce to per- 
form a synthesis of the world’s activities ; 
and there is no happier indication of ad- 
vance in this direction than is to be found 
in the multiplication of international 
commercial conferences in recent years. 
When commercial men of all nations meet 
to consider the world’s supplies of iron, of 
cotton, or of wool, and to ask how these 
things can be utilised with . economy, 
the world is beginning to make the licst 
use of its very limited resources. 
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THE CHILD WHO LEADS HUMANITY 



“ Out of sheltcriii}? love for ihe child the famil> i» born. Out of the family come institutions soi ij ' 
which mitij^ate the harsher strujigjlc for existence. Does it not look as though the little clhld lias ><- 
humanity along the path to civilisation?’* This picture, by Mr. T. C. Gotch, is called “'Ihe 
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THE FIRST HUMAN FAMILIES 

The Family as the Basis of Enduring Society 
and the Inspiration of all that is Best in Man 

THE ROCK ON WHICH GREAT NATIONS BUILD 

T ^here has been consiclerable dispute of science of the older generation were 
among men of science on the question mislaken in regarding the horde as the 
wlietlier the liorde or the family was the original social form. The theory was mainly 
original social unit. Remote in interest as founded on the description of a tribe of 
the matter may seem, it really has a practical natives in South Australia given by an 
signilicance. English missionary, Lorimer Fison. Fisoii 

If we can trace the evolution of the human said that the tribe was divided into two 
family, we may be able to predict the course classes ; every man in each of these classes 
of its future development. This is. indeed, was the rightful husband of all women in 
one of the chief services of science : as the other class, and evtny woman in each 
Auguste Comte said, we must see in order class was the rightful wife of all men in the 
to foresee, and l<3rest*A‘. in order to control, other class. Tlie natives of Australia are 
If it can be shenvn that man was ])rimarily savages of a very low type, and this descrip- 
a gregarious, creature, and that his rude, tion of their way ot life was accej^ted as 
primitive, communal life was the factor evidence that in primitive ages the relation 
which enabled him afterwards to form family between the men and women of the two 
groups, there is then a possibility that the classes was one of promiscuity, and that no 
highly organised state of the future might family life existed. 

not retain the family as its base. Another very curious fact w^as brought 

Already certain socialists of the extreme forward in su])port of this view. About 
school are adopting the theory of tlie one half of the savage races, scattered about 
lenilamental gregariousness of mankind, and the earth, have a strange system of maternal 
tiyiiig to make this theory a political force, kinship ; the children take their name from 
They hold that tlie family has merely been their mother, and reckon their relationship 
the temporary product of a particular only through her, and sometimes the 
stage of economic develo|)ment, and that mother’s brother c.xerciscs most of the rights 
with the disappearance of private property and duties of the fadier. The maternal 
tlie family also will vanish. It is predicted uncle sells his nieces in marriage, and 
tliat all children will then be cared for by avenges any wrong done to the children of 
society as a whole, while men and women liis sister. 

will be able to adopt or abandon married All this was thought to show that family 
life as their fancy may dictate. life was originally unknown, and that tin? 

Wild and mischievous as is this idea, it task of looking after the offspring of brief, 
is not without some indirect support in a animal-like, promiscuous intercourse fell 
certain scientific theory of social origins, chiefly on the woman, her brothers j)erha])S 
Lord Avebury, for instance, has for many helping her as regard for the tie of blood 
>’cars maintained that, as we look down increased with the development of the mind 
the scale of civilisation, the importance of of man. But it has already been proved 
the family diminishes and the power of the that the notion of the promiscuity of the 
tribe increases. This, some peditical revo- Australian native rests on an extraordinary 
Intionists think, goes to prove that family misconception. In order to prevent the 
life is not rooted deeply and permanently harmful effects of in-breeding, the Australian 
in human nature. Recent research, how- native, like nearly all races of savages, 
f‘ver, clearly shows that many famous men divides a tribe into two classes ; men and 

RAC¥s and NATI^^iR IS F oF CIVILISATToN • CIVIC S~P6nTiC5 
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women of one class may not marry among 
themselves, but only among members of 
the other class. This, it will be seen, is a 
very different thing from promiscuity ; it 
is, indeed, completely opposed to what is 
called communal marriage. Instead of 
degrading man to the level of the lower 
beasts, it shows a practical wisdom of so 
high an order that it is utterly incx- 
])licable how the primitive savage could 
have thought it out and reduced it to an 
almost universal practice. 

It the Family Rooted ia Marriage or Marriage 
in the Family f 

This is one of the most mysterious things 
in the study of primitive society, and it will 
be necessary for us to examine it at 
some length when we discuss the science of 
marriage. The problem of maternal kinship, 
which has been used to confirm the theory 
of primitive promiscuity, is also a matter 
which can only be fully gone into in con- 
nection with the study of the later varia- 
tions of human marriage. One important 
point in regard to it, however, must be 
touched on. At first glance it may seem 
as though we arc taking facts in a wrong 
order in studying tlic family before we have 
dealt with the question of the institution of 
marriage. But marriage and family are 
intimately connected with each other : it 
is primarily and originally for the benefit 
of their children that men and women live 
together and grow into little social 
groups. Among many savages real con- 
jugal life does not begin until a child is 
born, and thus wc arrive at the con- 
clusion that marriage is rooted in family 
rather than family in marriage. And if we 
can show that the family existed before 
the horde, it will be patent that we have 
discovered in the system of marriage the 
primary element of social life. 

The Family is the Probable Starting-Point of 
Evolution 

In his ‘‘ Bescent of Man ” Darwin 
remarked that “ looking far back enough 
in the stream of time, and judging from 
the social habits of man as he now exists, 
the most probable view is that he abori- 
ginally lived in small communities, each 
with a single wife, or, if. powerful, with 
several, whoyi he jealously guarded against 
all other men.*’ 

This view is now upheld by most men of 
science of the younger generation, anti a 
mass of fresh evidence has been collected 
in support of it. It is now certain that, 
the man-like apes live in small families. 
The gorilla builds a solitary nest for his 
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mate, and at night he crouches at the foot 
of the tree, guarding the female and young, 
in the nest above, from the nocturnal attacks 
of leopards. The chimpanzee does the 
same thing ; and in daytime one can see 
the old folks ” sitting under a tree eating 
fruit and chattering, while the children 
swing in the branches over their heads. 
Less is known about the orang-utang, but 
he is not gregarious ; and as he has been 
found with half-grown young in his care, it 
looks as if he were also a good parent. 
These animals are more closely related to 
man than are the lower and more com- 
munal monkeys, and so it is highly probabk* 
that mankind emerged from the brute with 
a family life like that of the man-like ape. 
as the starting point of social evolution. 

In both the man-like apes and the human 
being there is a long period of infancy : the 
higher in the scale a young creature is, tlie 
more slowly its powers of body and mind 
arc developed; and in the case of children 
it is comparatively late in their life before 
they are able to provide for themselves. 

The Little Child who led Humanity along the 
Path to Civilisation 

So they have to be nurtured for a long 
period. Out of their helplessness is tlnis 
formed a bond between their parents. Onl 
of sheltering love for the child the family is 
born. Out of the family; as we hope to 
show, are produced many of those institu- 
tions of society which mitigate the harsher 
struggle for existence. 

Does it not look as though the little 
child has, in a way, led humanity along 
the path to civilisation ? 

It is easier to discover the reasons that 
kept man apart from man, in little scat- 
tered family groups, than it is to trace the 
socialising force which gradually drew 
men together into loose tribes. Our fruit - 
eating, half-human ancestors seem to have* 
laboured under the same difficulties as tln‘ 
chimpanzees in getting food at certain 
times of the year: so they dispersed in 
search of it. When man became partly a 
flesh-eater, he naturally continued hi^ 
solitary way of life. As Herbert Spencci 
pointed out, an animal whose prey can be 
caught and killed without help, profits b\ 
living alone, especially if its prey is much 
scattered, and is secured by stealth) 
approach or by lying in ambush, ‘‘ Grc- 
gariousness,” says Spencer, ‘‘ would here, 
be a positive disadvantage.” In regard to 
this point it is worthy of remark that even 
at the present day there arc savage peoples 
who live in separate families rather than in 
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tribes, and most of these peoples belong to 
the very rudest races in the world. Sexual 
feelings, the instinctive love of children, 
and the customary attachment to relatives 
are the only ties that seem to keep them in 
any sort of union. 

f At last, then, we have reached a definite 
point from which we can follow, step by 
step, the evolution of the family systems of 
mankind. We have arrived among the 
lower hunters, who have scarcely made any 
important ad- 
vance in social 
organisation. As 
a rule, there are 
no marriage laws, 
in a legal sense, 
among them, as 
there is no tribal 
])Owcr, but mar- 
riage with a single 
wife usually ob- 
tains, owing per- 
lia}>s to the ap- 
])roximatcly equal 
numbers of the 
siixes, rather than 
to any objection 
on the man's part 
to a plurality of 
wives. 

Pood consists 
animals killed 
by the men, and 
roots and fruits 
g a t h c r e cl by 
the women. By 
I* e a s o n of t h e 
rrudeness of the 
lower hunters' 
weapons the re- 
sources of the land 
around the camp 
are quickly e.\- 
Iiausted and the rr.AN oi<' a communat. uomk srira. icxistixo 

I a 111 i 1 V h a S • t O ^t'his sketch was iiuulc of a hoim‘.stea<I in ri<»Miia, ami ihe Iniiltlings rcprcsciitcc! 
. y ' art*: I common ilwi-lliiis' hc.iise ; y, m' awclling lioiisu ; jcrauary ; 

wander about the KoosL* hoii.st: ; 5, iintl Roat house ; 6, •listilU-ry ; 7, well ; 8, oven ; 
world continually i»‘*ihlcs ; lo, swine stall ; II, maixe loft paliiiR ; 13, m:ii#:e ; 14, on haul. 

urged by hunger and menaced by famine. 

The husband is the ruler of the 



there being nothing to inherit, as a man's 
weapons are buriecl with him. 

Sometimes, for the purposes of defence 
against a common foe, these scattered 
families now merge for a while into small 
gangs without a chief. But war does not 
seem to have been the original force in 
drawing primitive man into larger groups. 
No doubt lights for tlie possession of women 
sometimes occurrcil between two or three 
miiles ; and all the members of a family 

may have some- 
times combined in 
driving away a 
strange family 
which had invaded 
its hunting- 
ground. Yet it 
was not by quar- 
relling b u t by 
rejoicing together 
()ver an abundance 
of footl that men 
came to accpiire 
feelings of wider 
fellowship. A t 
present, the lower 
liunters are usually 
con fined to the 
hard, bare places 
ol the earth, where 
only for a brief 
season of the year 
Nature is generous. 
In lands where 
conditions of life 
are easier, and 
game and fish are 
])l(uitifiil, are found 
the higher hunters. 
They are more 
numerous than the 
lower hunters, be- 
cause larger sup- 
])lies of fooil have 
eiiableil them to 
expand ; and on 
the spots along 
resources seldom 


IS 

biniily ; he buys his wife or gets her in 
exchange, and uses her as a slave. The 
cliildrcn also are his property, even 
when they count relationship through 
ihe mother, and he frequently sells or 
exchanges them. His power over his off- 
spring, however, ends when his daughter is 
handed over to another man, and when his 
son has passed into manhood.' There is no 
system of inheritance in such a society. 


the coast, where their 
fail, they have gathered into settlements. 
The household is still the strongest bond 
of society, but on the household is now 
built the primitive village community, 
and these communities are connected into 
a loose tribe. 

In this stage of culture the chief elements 
of human society have been evolved, but 
the family remains somewhat rudimentary. 
Husbands and wives have both reached a 
higher degree of skill in industry, and 

243 



HARMSWORTH POPULAR SCIENCE 


things arc made not cmly for family use widely to obtain. Large families become 
but for exchange. In many cases the very profitable to men with great Hocks 
family has lost its special hunting-ground, and herds : the boys arc cheap herdsmen, 
the territory now being the property of the and the girls are very serviceable in the 
clan or tribe. The position of women, house. The invention of the finer domestic 
however, is still very low. Wives arc crafts increases the economic value oj 
bought, and f reated as slaves. Daughters are woman. In some pastoral tribes a settlement 
a source of profit, and sons of power. For is made upon her, and if her married life is 
the era of warfare now begins ; abundance of unhappy her kinsmen gladly receive her 
food leads to the increase of population ; back. For the family has now gained i\ 
there are rich hunting-grounds and fishing- remarkable steadiness and strength. In its 
grounds to be won, and slaves arc becoming herds or flocks it has a personal property <>1 



Tine MOTIIKR TO Uli- FROM THli I’AINTINO ‘ WHKRK SIIAr.L WISDOM HE l<'OUND ? * l‘.y Mrs. Voiiii;.; Iluni.i 


useful. And then, with i)ennanence of settle- very high iniportaiice. Pedty but incessant 
inent, ancestor-worship develops ; and this tribal feuds over ])asturage rights and tlr 
often makes the male a much more import- theft of cattle interfere with the develo])- 
ant member of the family than the female. meiit of political institutions, but, beside - 
Out of the. chase of the liigher hunters is making home life more stable and larger 
evolved the tending of flocks and herds. and linking closer together the older aii l 

As this is always, like hunting, the business younger generations, the acquisition «'i 

of tjie men, tlie woman at first continues property stimulates man to undertake 
in a low position in the family. She is still more effective advance towards civilisation 
bought; and as a man’s lierds increase he^ Some races have never learnt the art ‘ i 
is able to buy more wives. It is among* the herdsman, but, while still hunting and 
pastoral peoples that polygamy begins fishing in settled communities, have turin 1 
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to farming. This has happened in certain 
luxuriant regions in tropical or semi- 
tropical climates. The most progressive 
peoples, however, took a less abrupt 
and broader path, leading up to a wider 

S ^ect. Wandering slowly in large and 
e families, in search of moist rich 
pasturages for their herds, they settled 
oil the alluvial soil of great rivers, and began 
to till the fruitful earth. Nearly all the work 
of fanning fell on the women and girls 
-the men and older boys havdng to tend 
and guard the herds. Some writers think 
that woman was the discoverer as well as 
tlie agent in the development of primitive 
tillage. This is only a probability, but if 
woman was the author of the mighty, 
t'ivilising power of agriculture, she has been 
indirectly rewarded l)y the ge’.ieral improve- 
ment which her work effected in tlie or- 
ganisation of the family. By carrying on 
both farming and stock-breeding, the 
pi'oples living in well -watered lands ob- 
taimid ample and regular su])plies of food. 
Pojudation, therefore, increased at an 
extraordinary nite ; the great patriarchal 
family was developed, and, in especially 
favourable circnmstances, the foundations 
of modern civilisation were laid. 

The Foundations of Modern Civilisation Laid 
in the Family Community 
The rural family community is one of the 
most im]X)rtant of social forms and one of 
the widest spread. In ancient times it 
existed, with modilications, from China to 
ilritain. In tlie Orient it has surviv^ed great 
political rev'olutions and foreign ('onquests, 
and it lias ada|)ted itself to urban conclitions 
■ md industries ; it is the forc(? lieliind 
ancestor-worship, and, as such, is largely 
i‘‘Sj)onsible for the marvellous expansion 
ot the multitiulinous Chinese race. 

In Europe the great family community 
has now been generally destroyed by the 
loic(‘s which have built up our modern 
industrial civilisation. Yet in the Balkan 
States, where for centuries civil law and 
political institutions weie wiped out by the 
1 nrkish invasion, the Southern .Slaves hav^ti 
]>r(‘served the chief element of national life 
I'v holding Rrmly to the old traditions of 
larnily fellowship. Some writers of authority 
ngard the type of society founded on the 
‘’oinniuiial family as that which is most 
^'^niducive to the happiness of mankind ; so 
rnay be worth while describing the 
jamily community as it still exists in the 
halkans at the present day. 

It is a very big family, including cousins 
‘‘nd more distant relatives, and the manage- 


ment is in the hands of the oldest member. 
His authority is great, but it is used in a 
fatherly vvay : he represents the family in 
the village council. All the pro])erty is held 
in common, and all the work is done in 
common. The men perform the hardest 
labour in the fields, such as ])lougliiiig, 
reaping, and digging ; the women clo the 
housework, ancl make clothes, and help in 
sowing ami harvesting ; the children tend 
the Hocks. Savt; for a few iron tools and 
machines and utensils, the family does not 
buy anything. Provisions, clothes, l^oots, 
bedding, wooden ware, pottery, are all 
])n)(hiced by the community, and their 
liouses are built by the men. 

The Family Organisation that Prevailed for 
Centuries in Europe 

The work is map])ed out, and the workers 
selected by the assembled family. All 
income and personal gains an^ ])aid into a 
common hmd, which is not di\'i(lcd ecpially, 
but given out to members according to tliinr 
necessities. When, for instance, one of the 
family marries, the community bears all 
the exj)enses. If a member leaves the 
family, be loses his rights ; but if the com- 
munity grows too numerous a divusion is 
generally agreed to, and the property is 
split up. 

Undoubtedly, in a family organisation of 
this kind, most of tlu* social |>roblems of 
the ])resent day are sol\a>d, except jxaliaps 
tlie problem of ])r()grc‘ss ; and its ex- 
traordinary strength is shown by tlu‘ 
fact that it survi\x‘d a long period of 
war, defeat, and o])pressic)n. Indeed, it 
lasted, in various modiricul forms, through- 
out a large? ])art of Kuiopt? until about the 
end of the Middle Agc's. In the rural tracts 
of Russia, Hungary, and Austria it endured 
long into the modern era. 

The Growth of the Great Family in the East 
and its Break up in the West 

Only in ja])an and ('hina, howevx'r, has the 
gre^at family devx^loped from a communal 
life founded on agriculture; into an industrial 
organisation. In China, all the earnings of 
iu?ar kinsfolk How into a common ('best, 
which is manaigcd by the patriarch. In 
We;stcru Europe, through a variety of 
causes, religious, political, and economic, 
the great family has broken up, and, l)y a 
strange path, returned to the primitiva; 
grouping of two parents and their cliilelren. 

Before discussing the small modern family 
it will be instructive to notice a new and 
admirable system of family co-operation 
found in Italy. It is an adaptation of the 
ancient rural family community, with a 

245 



HARMSWORTH POPULAR SCIENCE 


more thorough division of labour and more 
freedom of life. In one case the family 
possessed an hotel, managed by the elder 
brother. In a farm close by lived a sister, 
who cultivated the common land. One 
brother was a baker, working in the annexe 
of the hotel ; two more brothers, a smith 
and a carj)cnter, dwelt in workshops ; and 
two others, a military doctor and an officer 
in the Engineers — both married — lived in 
distant towns. The six brothers and sister 
had a common purse, and shared the income 
and expenditure ; the two military men, 
it is true, brought in nothing, as their pay 
was small ; nevertheless, they shared in 
the common property. This seems to be a 
successful essay, under modern conditions, 
in preserving the strengtli derived from 
family communism, while allowing the 
individual members to branch out on inde- 
pendent careers. It requires, however, the 
possession of family property in the first 
instance, or considerable contributions to 
the family fund ; and a spirit of self- 
sacrifice must animate the workers in the 
group when there are some members who do 
not bring in anything to the common fund. 

The Modern Workman who goes out to Win 
a Living as the Wandering Hunter did 

As a rule, the small modern family is not 
held together by the possession of common 
land. Tlie majority of men to-day face life 
in circumstances quaintly resembling those 
in whicli their remote ancestor, the wander- 
ing hunter, went forth to win a living and 
a wife. With a few tools, perhaps, and 
some skill and knowledge, tlie^' go out into 
1 1 1C industrial or commercial world, some- 
times with their father at hand to guide 
them, but often alone and adventurous. 
When they are ready to marry, they do not 
have to obtain a wife by purchase, or work 
for years for the father of the young lady, 
but marriage still remains an expensive 
matter. Not infrequently in our great 
cities the resemblance between the modern 
workman and the primitive hunter is still 
more drawn out. lie moves away from his 
home and settles in a strange district in 
tirder to be nearer to the spot where he gains 
his livelihood ; and, if he is very poor or 
unfortunate, his wife — like the wife of the 
savage — ^may also have to work outside 
her incomparable sphere. 

This degradation of the mother has a 
deplorable effect on the health and training 
of the children. The organising influences 
of the household are destroyed, and there is 
left that sorry piece of social wreckage the‘ 
unstable family of the modern era. Families 
246 ' * 


of this unstable type appeared in largo 
numbers in England on the breaking up 
of village communities. This occurred in 
the reign of the Tudors, when farming 
went out of fashion, and a great deal u{ 
the country was converted into pasturage; 
for sheep. There was, again, a widesprea.l 
shifting in the industrial grouping of tin* 
people when steam machinery was genei- 
ally applied to manufacture. 

The Root from which nearly all the Disorders 
of Modern Society Spring 

Undoubtedly the great industrial revolu- 
tion had a disastrous social effect it did 
more than any political force has done to 
create the unstable family — the root fn)iii 
which nearly all the disorders of mod(Mii 
society spring. We still have among us a 
drifting multitude of men and women who 
have become disconnected atoms in the life 
of the community, bound by no ties of duly 
or responsibility, and often incapable even of 
self-maintenance. A system of Poor Laws 
has been constructed to remove the symp- 
toms of this terrible social disease, but tlic'so 
laws do not revive the old traditions of 
family life, to the loss of which are due so 
many of the social maladies of our time. 

Happily, the English family, as a wholo. 
has by its own intrinsic strength survived 
the shock of the change, and reorganised 
itself on another foundation. Instead of 
becoming enfeebled by its severance from a 
common landed property, it has gained in 
spiritual force. It is a fine proof of tlie 
strength of the modern family that it is 
able to send its sons and daughters awa\' 
to the ends of the earth, without impairing 
the invisible bonds which unite them. It is 
from the stable family of the new type that 
the wonderful colonising power of 0111 
Empire is partly derived. 

The Strength of the Tie of Family Love which 
Supports the Modern State 

One important form of co-operation still 
prevails in modern family life : the husband 
and grown-up children provide the inconu’, 
and the mother looks after the liome and Hr’ 
younger children, and manages and spcinls 
the household money. Among all oar 
wage-earners there is, fortunately, an in- 
creasing tendency for women to devoU* 
themselves the work of housekeeping - 
they thus become the centre of the 
home, entirely replacing the ancient pain- 
arch, and to their emancipation is perhaps 
due the new spiritual force of the family tio. 

The modern stable family is, no doubt, 
open to the play of powerful outsi«le 
influences which at times seem to menace it- 
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It is in the school and the office and the 
workshop that children now acquire most of 
the knowledge and skill with which they 
make their way in life. They therefore tend 
(o display a much more independent spirit 
than the young members of the old family 
community possessed. When, however, the 
home life of modern children is sound and 
liappy, they learn to combine with their 
Regard for personal liberty the sweeter 
Ifclings of loving duty and affectionate 
CO -operation. In many cases, when they go 
t)ut into the world, they arc still united to 
their family by the work which they do. 
I he family traditions which used to ol^tain 
ill connection with the possession of land arc 
now continued in connection with a common 


same thing occurs generally in all industries 
in which a fair amount of skill is required. 
A continuity of work binds the generations 
together, and affords a basis for continuous 
family life as strong, if not as tangible, as 
that of landed property. 

No doubt it was on the industrial basis 
that the small modern family of the stable 
type was partly founded ; but we must not, 
while allowing for tlie play of economic 
forces, omit to take into account the trans- 
cendant and primary factor of family life. 
The family has .survived all kinds of clianges 
and disasters ; it lias turned the primitive 
superstitious dread of ghosts into the noble 
pieties of ancestor-worship ; it has been 
especially instrumental in developing the 



WllliRli family DE'.OTION survives through many generations — A HALL OK ANCESTOR- 

WORSHIP IN CHINA 


< filing. In trade and commerce there is 
oltcn a continuity of work, linking genera- 
tion to generation in a common interest ; 
nearly all the sons of professional men 
enter the professions ; but it is among the 
industrial classes, to whom their calling is 
tlieir one great possession, that the family 
^ I adition is generally maintained. 

Sometimes this is due to economic causes, 
similar to those which produced the old 
lainily communism. Among many coal- 
'“iners, for instance, it is customary for 
lathers and sons to work together ; by this 
means they earn more money or obtain 
nd vantages in getting free housing or quick 
»^niployment. In the textile trades sons 
also follow their fathers^ calling ; and the 


finer elements of civilisation, and in teaching 
men the high value of mutual aid and co- 
operation. Future alterations in the govern- 
ment and conditions of society may affect 
it, but they cannot destroy it. 

For the family is love. There are few 
persons whom the sight of a strange, 
unknown, helpless baby, a strange, unknown, 
enfeebled old woman, would inspire with a 
new energy in life ; but many a mother 
would work herself to death for her own 
child, and many a man would toil beyond his 
power to save his mother from want. Only 
the passions and affections which create and 
maintain family life can bring into play the 
best qualities of man and woman. Destroy 
the family, and the State falls to iiieces. 
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The spirit of class prejudice and selfishness, so finely embodied in this picture of the French Revolution, 
by Mr. Fred Roe, R.I., is the worst enemy that the science of ennobling human life has to face. 
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WHAT EUGENISTS ARE NOT 

The Test by which all Human Institutions must 
be Judged — the Quality of Life They Produce 

THE BEST LIFE FOR THE GREATEST NUMBER 


KVKR since man reached human estate 
tliere have been Eugenists, or he would 
not be here now ; and we need but glance at 
tlie lower animals or at the vegetable world 
to see the eugenic principle dominant. 

The great and ancient races of man, 
wliicli have survived all vicissitudes, such 
as the Jews and the Chinese, are pre- 
eminently races of Eugenists. The Jews, 
above all, guard their youth, prepare and 
educate them for ])arcnthood. They 
respect the expectant mother ; do not allow 
her to do other work than her sacred own ; 
and they will not allow her, when her chihl 
is born, to work in a factory and leave 
the child unnursed by its mother. Thus, 
in extremest poverty, they have the lowest 
infant mortality. They forbid child labour, 
wholly bar the abuse of alcohol, so that the 
drunken Jewish mother is absolutely un- 
known, ami the diunken Jewish father has 
only lately been seen, in one or two cases, 
in London and New York ; and their 
freedom from sexual immorality protects 
tlieni from the diseases which arc commonly 
associated with it. They thus avoid the 
racial poisons which tend to sap the vigour 
of all races that do not keep them at bay. 

Ihit it is only within our own time that the 
eugenic idea became explicit and directive 
among modern nations, and only within 
the last few years that a small but 
daily increasing company of people have 
set themselves wholly and determinedly to 
what they regard, and will ere long teach 
the whole world to regard, as the divinest 
^>f all causes. These are the people called 
I'higcnists, who have surveyed the past and 
^>een how the question of population, its 
quantity and its quality, has been the 
• eigning rule of history ; and whose survey 
el the past, and the indications it furnishes 
of the probable nations of the future, have 
led them to proclaim a “ new ” doctrine — 


far and away the oldest in the world, dating 
from the first act of primitive life — which 
they call Eugenics, or (iood Breeding. 

The term was introduced now nearly 
thirty years ago. as we have seen, by (lalton, 
who met with so little response at the time 
that he turned aside to other studies, such 
as those of finger-i>rints and composite 
photographs. But about seven years ago 
lie was jiersuaded by the Sociological 
Society to lecture on eugenics, declaring that 
eugenics must be made a factor in religion 
and in national policy. It has indeed 
always been a factor in religion ; but there 
was great and growing need for Gallon to 
teach that religion must more clearly con- 
cern itself with tlu^ supremely religious 
jiroject of making nobler people, now that 
science has made more than a beginning 
with the revelation of those natural laws 
which furnisli so much guidance in the 
project, and come so powerfully to the aid 
of religious dogma, traditional observance, 
conventional education, public opinion, and 
the otlier forces which seek to make men 
worthy, or keep their unworth under control. 

It then fell to the lot of the present 
writer to introduce the name of Eugenists 
for those j^cople who set themselves, as 
the supreme end of all ]K)licy, the making 
and maintaining of the largest ])ossible 
number of the finest possible people, and 
who deliberately assert that this is the end 
of ends, by which all other ends, all means 
whatever, all political parties, all institu- 
tions, old or new, all dogmas, all 
human practice, conduct, and belief, will 
in the last resort be judged. How much 
life, and of what quality, did they produce ? 

The word “ eugenics,” and the appellation 
Eugenist, will very soon Ixjcome part of the 
stock vocabulary of i)oliticians, and will 
be as familiar to the eye and ear as words 
like ” Evolution ” and “ Sociology,” once 
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so strange and uncouth, have now become. 
As is the rule, these new terms, expressing 
immense ideas, must weather a period of 
misunderstanding and misuse, powerfully 
contributed to by injudicious advocates, 
by hangers-on who want to turn the new 
thing to their own ends, by tlie stupid at 
large, and by cynics and enemies whose one 
chance of success in fighting any new truth 
or any new advocacy of truth lies in false- 
hood. Eugenics has already had its full 
share of all these dangers, not least that of 
unscrupulous and monstrous misrepresenta- 
tion, and it behoves those who realise that 
this is a winning cause — on whose side they 
may as well range themselves as soon as 
possible — to get right ideas of it from the first. 

The Degradetion of a Noble Name ia the 
Interest of Many Bad Causes 

The writer is naturally jealous of the 
honour and utility of this name, which all 
manner of people arc now applying to 
themselves and others, and which is at one 
moment used as an argument against 
infant mortality, and at another as an 
argument against those who seek to abolish 
infant mortality. When one finds that the 
“ better-dead ** school, as they may with 
convenient ambiguity be termed, call 
themselves Eiigenists in protesting that we 
must save no more babies, as they are not 
worth saving — the time has evidently come 
for a i)lain statement of what this word 
means. It is unfortunately much easier 
to coin a name than to prevent its abuse, 
but one cannot simjdy stand by and permit 
the prostitution to the interests of national 
infanticide, alcoholism, neglect of children, 
militarism, class-hatred, and the devil knows 
what other of his works — of a word which 
was coined in the service of Life. 

Indeed, the case is now such that no 
sooner have we declared what the people 
called Eugenists are than it is necessary to 
make ciuite clear what they arc not. That 
task will abundantly occupy us here. 

The People Called Eugenists and the Doctrine 
Called Materialism 

In the fit's t place, the people called 
Eugenists are not committed by their 
creed to any form of materialism or denial 
of whatever exists beyond the material 
world. No ‘one has the right to draw any 
such inference from the fact that, for 
instance, Eugenists insist upon the import- 
ance of heredity even in the realm of our 
moral nature. If it can be shown that 
children tend to inherit their parents' good 
temper or cruelty, or tenderness or dis- 
honesty, and if Eugenists insist that these 
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facts are to be reckoned with in education 
and in our national policy, they are neither 
to be blamed for discovering and proclaim- 
ing the laws and facts which, being natural, 
arc therefore necessarily divine; nor are 
they to be accused of asserting that tlie 
moral influences of human life have nt> 
influence and are to be discounted. It is 
undeniable that people who profess an«l 
call themselves Eugenists have employe I 
the facts of heredity in order to deny tlie 
existence of conscience and of moral 
responsibility, to declare that all the, attri- 
butes of mind and soul are really materia), 
and to deny any value to what we usual h 
call the spiritual forces of the world's lili . 
All such people are here repudiated. 

Secondly, the })eoplc called Eugenists are 
not committed by their creed to the out- 
rageous misunderstanding of Darwinism for 
which Nietzsche is principally rcsponsil)le. 
and against which Darwin explicitly de- 
fended himself. No worse or more abomin- 
able rendering of eugenics can be imagiiieil 
than that which asserts that mankind is 
degenerating becausti the law of natural 
selection has been abolished, and a “ sickly 
humanitarianisrn dating from Rousseau " 
as a dean of the Church of England has 
been heard to assert on a eugenic platform - 
has disastrously re})laced it. 

The Conditions of Civilisation which Modify 
the Harshness of Natural Law 

This kind of teaching involves so muiiN 
absurdities and cruelties that it cannot Im' 
dealt with in this preliminary statement as il 
demands. Humanitarianisrn, for instance*, 
is somewhat older than Rousseau, and has 
been credibly associated with the FouiuIcm 
of the Christian Chiudi. The law of natur.il 
selection, or survival of the fittest, has iiul 
been abolished, only its working has bt'cii 
modified by the conditions of civilisation. 
The law that the fittest, in the condition'^. 
survive is one of natural necessity, ami 
can no more be abolished than the two ness 
of twice one. There is no evidence Ihnt 
mankind is degenerating ; but if the la\\' ol 
love, older than any Church or creed, 01 
than mankind itself, were abrogated, there 
would forthwith be an end of us, seeim; 
that without love no baby can survive 
birth for twenty-four hours. And as for the 
supposed opposition between eugenics and 
philanthropy, the truth merely is th.it 
eugenics .seeks to make philanfliropy more 
philanthropic, by directing it into wisi r 
channels, and preventing it from aiding the 
diseased and feeble-minded to multiplv' 
their calamities more rapidly than ever. 
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I'lie ])coplc called Eugenists cannot possibly 
a 1 ford to sneer at the spirit of humanity, 
N\lioev"er invented it, for only through that 
<j)irit, and only by appealing to those who 
possess it, can this humanest of all ideals, 
ihe making of man more human and more 
humane, be realised. 

Thirdly, not only has the Eugenist to 
r('|)udiate those friends and enemies who 
wish to have done with mercy and charity 
and mutual service, or who accuse him of 
wishing to have done with them, but also 
he is attacked as an enemy of morality by 
iliosc who declare that he seeks tlie abolition 
of marriage. And if he vigorously denies 
lliis, as the present Eugenist does, he has to 


he also condemns other aspects of it, such 
as marriage for money. Undoubtedly the 
Eugenist declines to accept conventional, 
legal, or ecclesiastical standards of judg- 
ment in this or any other matter, but he is 
necessarily bound to study the liistory and 
functions of marriage in the course of his 
inquiry, and that leaves him no clioicc but 
to recognise the principle of marriage as 
the foremost and most fundamental instru- 
ment of his purpose. Only, as we shall 
sec, it must be eugenic marriage. The 
Church and tlie State and j^ublic opinion 
may permit the marriage of a feeble-minded 
girl of sixteen, or a marriage between a 
diseased inebriate and a maiden clear-eyed 
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ami, .'iinid cxtrcnicst poverty, have the lowest infant inorlaHly of all the races in the world. 


Idce the fact that many of his so-called 
tii(‘nds do indeed desire to abolish marriage, 
and that many enemies of marriage begin 
lo talk eugenics because they hope to dis- 
citdit marriage. In the upshot, they 
simply discredit eugenics. 

Now. the Eugenist has indeed asserted 
jiis right and intention of judging all human 
institutions by his criterion — the quality of 
die human life they produce — and not only 
<k)es he bring marriage under his pjirview, 
but he allows himself to praise certain 
as])ects of this institution, as found in 
^^ertain countries or classes— -say, the re- 
sponsibility it exacts of fatherhood — while 


like the dawn, but the Eugenist has regard 
to the end thereof ; and lie is false to his 
creed and his Deity if he docs not declare 
that these are crimes and outrages per- 
petrated alike upon the living and the 
unborn. If this is to attack marriage,'' 
then he does attack marriage. But this is 
rather to make a stand for marriage against 
the influences which seek to destroy it. 

The people called Eugenists require to 
repudiate their popular interpreters in 
another aspect also, for they find it said 
that they “ wish us all to be forcibly married 
by the police," or that they wish to substi- 
tute for human marriage and parentliood 
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“ the methods of the stud farm.” So far as 
this country is concerned — and so far as 
one’s acquaintance with the literature of 
eugenics elsewhere goes — it may definitely 
be said that no one who has made the 
slightest contribution to, or j^erformed the 
slightest service for, eugenics lias ever made 
such idiotic proposals. And it is exceedingly 
difficult to find any excuse for one or two 
well-known comic philosojdiers, who now 
have hold of the public ears, and who 
reiterate, year in and year out, these gross 
misstatements of the eugenic creed. 

The High Cause of Friendship between 
Classes and Nations 

Fourthly, just as the people called 
Eugenists must not be drawn into the 
service of international hatred by being 
hailed as conscrii)tionists, or the advocates 
of universal military service, so also they 
must repudiate those who seek to identify 
them with the cause of class hatred. Sur- 
veying the whole disastrous field of sham- 
eugenics, one is inclined t(^ reganl tliis as 
the most dangerous and menacing at the 
present time, not only on its own demerits, 
l)ut because such a number of ])rofessing 
Eugenists, including many whose' position 
makes them innuential, are to be found 
among the ranks of those who seek to 
increase class-contempt and class-hatred on 
the ground that the “ up])cr classes ” are 
really u])per in the vital and biological 
sense, and that increased attention to the 
needs, especially the children’s needs, of the 
“ lower classes” means national degeneration. 
It must be clearly stated that this spirit of 
class-prejudici^ and sellishness, which under- 
lies the so-called eugenic activities of many 
professing Eugenists, is the worst of all the 
enemies that eugenics has to face. 

The Spirit that would Poison this Book if it 
were to Creep into it 

There is no trace of this spirit in the 
writings, there was none in the conversation 
or the character, of Sir Francis Galton. It is 
nothing other than the introduction of the 
rankest poison intt) the young life of 
eugenics, and it must be fought at every 
turn. If ever and whenever the reader 
detects in these chapters any trace of the 
spirit which values human* quality according 
to its origin in any class or sect or race, or 
of that which decries or denies fine qualities 
because they are disj^layed in a scion of a 
noble house, or because they are not dis- 
played in a scion of a noble house, let him 
turn to something else, and wash his fingers 
first. There is poison in the leaves wherever 
this spirit of class manifests itself. 
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It is true that some of the researches of 
Sir Francis Galton, and of those who have 
worked at the problems of human heredilv 
by his pioneer methods, have led to 11 
conclusion that ability is a special charar'- 
tcristic of the upper classes ; and this 
conclusion is loudly i)roclaimcd, as is quite 
natural, by those members of the up]x r 
classes wffio least confirm it. But, as we shall 
sec, it was and is impossible, by thesi* 
methods, to disentangle the influence of 
heredity, and that of the superior nutritiuu. 
sleep, air, light, education, traditions, 
opj)ortunitics, influence, and perhaps a few 
score more factors, which characterise the 
well-to-do, and must obviously be allowed 
for if any such conclusions as these are to 
stand. In point of fact, the study of heredity 
by the totally distinct methods of the 
jM*esent day lends no warrant whatever to 
the conclusions which havx' found so niini\' 
interested friends; and, in any cast*, if the 
upper classes were really upper, the last 
way in which they could jnove it would he 
by trying to keep the lower classes lower. 

The Eiigenist is too Busy being a Eugenist to 
be Anything Smaller 

The jx'oplc called Eugenists, therefoie. 
do not include those who find in eugenics 
an excuse for the revival of snobbery, those 
who have adopted their misunderstandiii|^ 
of it as an alternative against what they 
misunderstand as Socialism, or those who. 
in the interests of Socialism, seek to use \hv 
facts of heredity as an argument against 
the House of Lords. The Eugenist cannot 
be a partisan. He is for the utmost of the 
highest life, wherever found, however ol>- 
tainable ; and if the triu* Eugenist is asked 
whether he is an Aristocrat or Democrai, 
aiiti-Socialist or Socialist, Monarchist <>1 
Republican, Conservative or Radical, he 
can only reply that he is much too busy 
being a Eugenist to be any of these other 
tilings — excejit that he is conservative in his 
attitude towards healthy stocks of mankind, 
and radical in his proposals regarding 
diseas(*d ones. 

Fifthly, the ])eople called Eugenists are 
not opposed to popular education. This is 
the newest form of fallacy to which some ol 
the foregoing errors have combined to giN c 
birth, and it is a fallacy for which many who 
call themselves Eugenists arc . responsible. 
The present writer dealt with this inattt i 
in a paper read before the British Associa- 
tion in iqii, and portions of that paper are 
here quoted. It is indeed true that tlie 
people called Eugenists declare that edu- 
cation can educate only what herediu’ 
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gives; that the feeble-minded child, for 
instance, is non-educable, and that only the 
remedy proposed by what we have termed 
negative eugenics — the discouragement of 
j^arenthood on the part of the unworthy — 
will solve the j>roblem of the feeble-minded. 
Hut this article of the c\igenic creed is far 
indeed from warranting what too many 
j)eoplc hav€'. lately begun to assert — that 
education lias been tried and found wanting, 
that genius and talent will always out, that 
there have thus been no ** mute, inglorious 
Miltons,*' that, in short, education really 
effects nothing, and even that efforts to save 
and educate the “ unfit '* are worse than 
useless because they handicap the fit.*’ 

The Essential Partnership between the 
Ettgenist and the Educator 

The gravest disservice has already been 
done to eugenics by ])artisans of this 
ignorant and arrogant temper. They have 
already gone far to alienate from sympathy 
with eugenics all the educational forces in 
the country, from the leaders of the great 
educational j^rofession to the less con- 
spicuous but no less valuable members of 
the rank and file. These all know that edu- 
cation is worth while, though they needed 
no statistical calculations to tell them that 
children vary in tlic amount of profit they 
derive from education. It is cpiite certain 
that the aims of the ])eoplc called Kugenists 
will never be achieved save with the co- 
o])eration of those who educate the nation’s 
youth, and through their conversion to the 
eugenic creed, so that they in turn may 
teach it to those who are in tlu^ir charge. 

The educator is, of course, indispensable 
in the eugenic interest, in every way, and 
certainly not least in tlio case of defective 
children, even granting that, as teachers 
know inucli better than their new would- 
be tutors, llu'se cliildren cannot respond 
to their educational o])j)ortunities. The 
nation’s duty in regard to such children 
becomes most urgent when they attain the 
age of puberty, and not only their own 
interests but those of race are at stake. 

The Children who grow tip to Make or Mar 
the Future of the Race 

Here, it is clear, the jio.ssible courses are 
various, depending on the needs of the 
indiviilual child. \Ve niust make the pro- 
foundest ‘discrimination possible between 
one child and another, and only the edu- 
cator, with one psychological and one 
medical eye, can j^erform this task. Only 
he, through his thorough, expert, and pro- 
longed observation, can distinguish between 
the various types of child : those who must 
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on no account he permitted to enter mid 
form part of the community, since they wii] 
injure it, and it will injure them ; those 
who may enter the community under 
certain conditions ; those who are mer< l\ 
backward or dull owing to poor nutrition, 
lack of sleep, frequent absence from school 
due to illness, or other causes which niav 
have nothing to do with heredity, or with 
any risk of transmitting their misfortune td 
posterity, and which may be remedied hy 
appropriately continued care. The Eugenists 
who inveigh against educators and educa- 
tion are those who lay eugenics open to the 
imputation that it would frequently involve 
the locking up for life of dull or backward 
children who were merely suffering from 
interference with sleep, educational over- 
]>ressure, or lack of some vital but subtle 
ingredient of the diet. But the responsihh- 
Eugenist fears such a result as mucli as aii\ 
one can ; and instead of criticising or 
maligning education, he says to the teaclici ; 
“ Yours must be the verdict.** Daily for 
months or years the skilled educator will 
watch and treat such children, aided by tin- 
school doctor ; and if, at adolescence, it 
is found that the children do indeed sulTn 
from a natural^ and therefore incurable and 
transmissible, defect, the advice of tlu* 
Eugenist must be follow'cd. The ediicaloi 
is essential in the discharge of this duty. 

The Great Moral aad Social Questions that 
Eugenics has to Face 

. No; it is not less education we need, but 
more, and not least the education of tliosi- 
very imperfectly instructed Juigenists who 
have already gone far to alienate cv( r\ 
teacher and psychologist in the C(.)untr\ . 

Sixthly, the. people called Eugenists .11 • 
not among those who have boklly intn- 
])reted the recent study of alcoholism to 
mean that all interference with or control oi 
the drinking habits of a nation leads t" 
degeneration, and therefore that, in the 
interests of Eugenics, all legislative control 
of the licpior traffic must be abandon'd. 
The argument is that a nation bccojii' S 
sober only by the use of alcohol gradiialh 
weeding out those stocks which are liable 
to abuse it, and that thus the influence ot 
control of the liquor traffic, in any degn e. 
is only to permit the survival and multipli- 
cation of stocks wdiich would otherwise ha\ f 
been mercifully extinguished, and viH 
provide appalling calamities in ili^' 
future, when their morbid appetites can no 
longer be controlled. This is no paroi^K’. 
but the statement of a view which has bum 
widely disseminated, and is freely quolorl 
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»\ writers on these subjects. What tlie real 
ululions are between eugenics and alcoliol- 
•'iii we shall be more likely to ascertain, in 
liu‘ course, by studying the subject in exact 
t.isliion, as pathologists and toxicologists 
done during the last decade. 

It must be clearly understood that there 
:is yet nothing that can be called ortho- 
loxy in the science and practice of eugenics, 
student of the subject can do more 
hi;iii assert what he sees and believes. No 
•lulliority can be quoted as linal, for 
nics rests upon the conclusions of 
:)llhr sciences, and is bound to grow and 
rliaiige. Difference of opinion in such 
'iiiUcrs is not only inevitable; it is also 
‘li'sii able and healthy, and leads to progress. 

b'Ut it is necessary to protest with all 
po^^iblc force against all claims to the 
iiaiiir and sanction of eugenics which 
tliujf-after put eugenics second to some 
Dill, p creed or prejudice or passion, and 
nuila* the divine thing serve the undivinc. 
'loubtl?ss is the case tint different 
^ of mmkind differ, on the average, 


in their natural vahu'. Ihu'e is a problem 
Tor the Jhugenist. Should the higher race 
exterminate the lower ; aiul, if so, how ? 
Should the members of the higher raci‘. 
iiitermaiTy with thosi' of the lowin' so as 
to raise the lower; or will this mean only 
the degradation of the higher ? What 
kinds of criminal law, marriage law, ])i()- 
perty law are necessary in the United 
States of America or in South Africa in 
such cases ? These matters are the most 
practical and urgent and momentous in 
the world, for the clash and fusion of 
races is inevitable, and is ui)on us as never 
before in human history. So also with 
the problems within any nation or society, 
the clash of class and class, se.x and sex, 
interest and interest. All these not only 
have their eugenic ast)cct, but in th.i long 
run their eugenic aspect is the whole of 
them — not for the individual, who natur- 
ally has himself and the present to think 
of, but for mank nd aad its future. 

Now, though our experience is very 
brief, and scarcely runs to a se[)tenniuni 
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as yet, it is quite unequivocal in showing 
that eugenics, with its doctrines of the 
supreme importance of heredity and parent- 
hood and childhood, can be forcibly used, 
and will be more widely used, in the interests 
of the publican and the puritan, the 
white man and the black, the “ hanging 
judge ” and the lenient judge, the repeal 
of the divorce law and the extension of 
the divorce law, the House of Lords and 
the abolition of the Peerage altogether, 
the u])pcr classes and the lower classes, 
war and peace, laisses-faire, and copious 
and hasty legislation. Instances of all 
these and many more could be cited. At 
any moment, one feels, eugenics might 
almost become a party question and a 
party cry, and the Eugenist would have 
to murmur “ Ichabod,*’ give up all his 
study of th(i past and his dreams of the 
future, and take to breeding mice or peas. 

None of this will tlo. Eugenics is for all 
mankind, and for all the future. Its 
concern is to make fine men and women, 
and to multiply their number, anywhere 
and evcTywIiere. It is not to be judged 
by or adapted to any other criteria or 
canons, or aims or ideals but its own. It 
is the practical application to human life, 
present and to come, of the eternal 
principles of morality, which have ever 
sought the ennoblement, enhancement, and 


extension of life. The people called Eugenists 
are no more to be found among tlios^. 
who take this project and use it for any 
personal or partisan purpose than llu* 
people called Christians are to be found 
among those who use their religion Im 
the advantage of their business, or tln ir 
social position as a cloak for private viu> 
or public plunder. One cannot here u*. 
count the arguments to show that ('hris- 
tianity and the other great religions (,f 
the world are definitely eugenic ; let ii 
suffice to assert the eugenic conviction 
that the Kingdom of Heaven may begin 
on earth only by recognising the sand it \ 
of children, and admitting that “ of surli 
is the Kingdom of Heaven.** 

If the Eugenist makes these claims, 
he does, without fear of challenge, then 
he is entitled to protest that eugenio- 
should no more be used for mean or .sellish 
purposes than should any other constituent 
of true morality or true religion. Eug<*ni(s 
accepts the words of Kuskin : “TIk'k* b 
no wealth but life,*' and the motto ol 
Watts: “The utmost for the highest.” 
Those who do not assent with their wlioK- 
nature and their unreserved conviction In 
these words, those who would (jualify them 
in the interests of their own self or fainiU. 
or class or sect, or clan or race, are tmt 
the people called Eugonists. 
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THE ONENESS OF ALL THINGS 

The Mighty Scheme in which Stars and Continents 
and the House you Live in are held Together as one 

A ROLLING UNITY OF STARS AND SUNS 


W I-: have now completed our preliminary 
survey of what, without having ex- 
amined the meaning which the word conveys, 
we have agreed to call the Universe. \Ve 
have put the earth in its place, and found 
it to i)e a meinher of the solar system, on<‘ 
of the com])any of worlds; and we have 
looked into the atom, and found it to he an 
atomic system, into the ultimahi depths of 
which we cannot pierce, any more than into 
th(^ ultimate depths of starry S])ace. Having 
glanced thus without and within, we havi* 
obtained some idea of what we are about 
to study ; but meanwhile we have bcMMi 
making the most gigantic assumidions, 
handling the most colossal ideas, without 
V('rifying or examining them. The idea of 
a universe is, in part, the id(*a of ac<)nij)any 
of worlds, worlds too far for the telescope, 
^worlds too small for the microscojxN but it 
is vastly mori*. 

For instance, we have b(*eii calmly 
taking it for granted, hitherto, that our tirst 
stiidv of the skies, and our first study of 
the inwardness of matter, both hav(' to do 
with one and the same thing. In a word, 
we have assumed, without any attempt to 
<l(‘line it or to prove it, the idea of the uni- 
verse as a single whole'. It is perhai)S the 
greatest of all ideas. All science goes to 
prove it ; all science makes progress by 
assuming it.- 

However free and original and critical 
our minds, we all run a risk of taking for 
granted the ideas and cifttoms and institu- 
tions which we discover around us. The 
i<lea of the universe as a single whole is in 
diis case at the present day. All who have 
looked into these questions at all find this 
i‘lea accepted, established, unquestioned ; 

much so that they often accept it without 
really knowing they have done so. They 
^peak of Natuic and the Laws of Nature ami 
die Universe in the same breath as that in 


which they refer to a “ providential occur- 
rence ; they study the week-end weather 
forecasts issued by the Meteorological 
Oflftce on Saturday, and join in prayers for 
rain or fiiu‘ weather on Sunday. Whatever 
the right and the wrong of this may be, 
certainly it recpiires examination ; and 
repays it, as w(‘ shall instantly see. 

What we call Natun^ or tlu^ Universe is 
doubt li‘ss “ from everlasting," but our id(‘a 
of it as such is a modt'rn discovery, so 
modern that it has not yet comt; inio its 
own. Modern science, after all, is only 
alxrnt thr(‘(' hundred years old — less than 
ten generations; and (ireek and Arabic 
science was but the tiniest stream, though 
its source was authentic and pure. At flu; 
pn'sent hour ninety-niiu' [>eopIe out of a 
hundred live in a medh'y of wild and 
ludicrous contradictions, so far as both 
tlK'ir ideas and their conduct are conctTiied. 
in this matter. 

Consider for a moment only the variety 
of coiuluct and of umlerlying theory dis- 
played by nearly everybody in the j)res(*nc(‘ 
of illness or thn'ahming death, and we s('<‘ 
that’" clear and distinct ideas," all ])er- 
fectly conijiatibli* with one another, are far 
to seek. In such cases we contradict our- 
selves just as flagrantly as the man who 
gi'ts wireless information of the approach 
of a cyclom^ from the Atlantic, ami sends 
])etitions to Heav(‘n for a certain kiiul of 
weather. 'I'hese absurdities do no harm to 
Truth, but they are liable to harm ourselvc's, 
and they do our reason little honour. We 
an^ not ready Tor science until we have 
examined our ideas and established our 
first ])rinciples; and this can b(^st be done 
by simply comparing . the two contrary 
ideas of things which are too often jumbled 
in our minds, though they are mortally 
opposed at every point, one being the asser- 
tion of science, and the other the denial of it. 
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The ])rc-scicntific or superstitious idea of 
thinf(s regards them as a chaos, liaving no 
internal principle of order and unity. The 
scientific idea is that of a cosmos and if 
one of these views be true the other is false. 

The chaotic view has been the view of 
the overwhelming majority of all mankind 
since mankind ceased to be apekind, and 
it is the majoritv view, in some form or 
another, now. This chaotic or superstitious 
view docs not regard the universe as a 
universe or Rolling Unity, which is the 
immensely significant meaning of the word, 
but as a Multi verse, a Rolling Many. 

The Real Difference between the Wise Man 
and the Fool 

Since it is, according to this view, not one, 
but many, its parts being, therefore, not 
|)arts of one another, and not interdejiendent, 
tlKTc is no certainty in the happenings we 
survey, and in the liajjpenings of which we 
are the victims. That is not to say that 
suiierstitioii and ignorance go so far as to 
deny that things have causes. However 
ignorant or mad men may bc\ they never 
suggest that events happen uncaused. The 
diffenmee betwi'en the savage or the lunatic 
or the fool and the man of .science is in the 
kind of cause' they believe in. The man of 
science .says that things an^ a universe, a 
cosmos, a great wholt! which lu' calls 
Nature, and he declares that the causes 
which woik the effects we witness, and all 
the effects which w(' do not witness, are in 
the nature of things, lie declares, further, 
that Causation is universal, because the 
universe is all-of-a-piece ; and he appn>ves 
the fine lines of the poet 

i'hou caust not st r a flower 
Without troubling of a star. 

Tt) this view we shall return, and, having 
rcduriu'd, shall never leave it for a page or a 
line to come 'Unh’ss we there abandon 
science and are false to our task. 

The Way in which the Savage Looks Out 
upon the World 

Hut before wt' consider it, and show how 
modern discoveries, such as those we have 
already looked at, bear upon it, we must try 
to understand a little better the chaotic 
view of things which science has replaced. 

For coavenienco, wc may talk about 

the savagt'.” Our remarks may apply to 
the most fashionable and excpiisitc of 
modern ladies, visiting the palmist, the 
crystal-gazer, and the necromancer ; nor 
is it our ju'esent business to ask what 
proportion of modei'ii people are merely 
savages who have, s) to say, adopted 
luiroiiean Clothes. The warning is ncces- 


sary, since the accepted way of talking 
about “the savage mind “ blinds us t,, 
some of the most staring facts of tin 
“ modern mind.” 

The savage, then, in his birthday snii 
or “ faultlc'ss evening-dress,” as the ea^^r 
may be, looks upon things as partly ration.il 
and orderly, but mainly directed and 
caused in quite another way. What he 
knows and secs and understands he regards 
as rational. He repeatedly notices tli.u 
water wets and fire burns. Such happenings 
he accepts as orderly, and, indeed, malu s 
as good a science as he can of them. In 
such cases we are all agreed everywhere. 

But beyond such cases as these, where onh 
one theory is possible, the savage thinks 
otlierwise. Everything which is not 
straightforward and under his nose In* 
looks upon as miraculous, and due to tin- 
wish of invisible beings. Thunder and 
lightning are tln^ voice and bolt of angrv 
Jupiter. The death of an infant— winch 
has been f(‘d on herring and pickh's 
“ the will of Providence.” Diseases is tin* 
punishment inflicted for failing to sacrifice 
to the gods, or to pay a high enough siini 
for the upkec]) of tlieir priests. 

The Two Men for whom there is ao Room 
in the World 

According to such a view of life, an eclipse 
is due to a (piarrel between the god of thesnii 
an<l tiu* god of darkness. An cartlupiakt- is 
fliu' to a nightmare, and uneasy sleep of the 
old dragon who lives underneath us, and 
supj)orts us. . A child’s sickness is due tn 
the “ evil eye,” some white stranger haviiij^ 
looked at it. You break your leg, and re- 
member that someone who hated you cuiseil 
you, and wislu;d that your bones might rnt. 
The moon, Lima, cau.ses lunacy ; and the 
Sovereign Touch cures the King’s Evil. 

Instances are as numerous as mankind. 
They can be drawn from any age or peiiplc. 
Between this view of things, and that which 
savs that the Universe is a universe. Unit 
all things are one, and that causation i'- 
constant, consistent, universal, then* cnii 
be no compromise. The man who seeks t<> 
cure the King’s Evil by taking the child to 
be touched by the king, and the man w li » 
proves that the disease is due to the chi’ i 
liaving drunk milk from a tuberculous con' 
and says that milk containing the microl" > 
of this disease must no longer be sold 
these two men cannot agree to differ, aii'l 
there is not room for both of them. 

Wo must hold firmly and clearly by u U 
view that the universe is a mighty, eo’i' 
sistent whole, and that the only way 



SIR ISAAC NEWTON SEES AN APPLE EALL 



’ of the great djiys of the world was the day on which Sir Isaac Newton, sitting in liis 
y‘iden in Lincolnshire, noticed ah apple fall to Ih * ground, anJ asked himself why it fell. It was 
realisation of the tremendous law of gravitation, by which all things, are held in place, every 
tide of matter in the universe attracting every other i>article with never-failing, never-varying force. 
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which we can control material events^ is 
by learning those conditions of their 
causation which we call the laws of Nature, 
and acting through those laws. And we 
shall have a poor understanding of those 
laws, or of the least of them, if we do not 
soon perceive, and for ever remember, 
that if these laws are indeed natural they 
are therefore Divine. So much was necessary 
if our study of the world was to be much 
higher in the scale of reason than a pnp]>y’s 
study of the pattern and colours of a 
carpet. 

And now let us survey the evidences 
which teaches that this magic carpet we 
call the universe was woven by one Maker, 
and is a perfect and single whole, not- 
withstanding the number of its tlireads, 
and tlieir variety of direction and colour. 

Consider, first, the company of worlds. 
What evidence have* we that they are a 
comiiany, in tlu^ full sensci of the word 
Why should we not su[)pose tiiat lluw 
are all i n t e r- 
dependent ? What 
1‘viilence is tlu'n* 
that they foiiu 
])arts of a whoU* : 

We see no bond 
between tlu'in, no 
chains or rop( 
and we do see that 
they move in all 
m a n n e r o 1 
din'ctions, at all 
manner of speeds. 

There are friends 
who rule and are 
r u 1 e d by one 
another, who cannot distinguish between 
their own wishes and each other’s, and who 
are a million times closer bound than any 
bond of liesh could hold the Siamese Twins. 

] list so we learn that the stars and planets, 
having no material bond, are yet bound 
together, and inlluence each other’s form 
and structure and movement, without one 
moment’s intermission throughout all the 
ages of their existence. 

“ Stars and planets,” wg said, but that 
feebly expresses the truth., Newton dcclareil 
that every particle of matter in the universe 
attracts every other particle with a certain- 
constant, never-failing, never-varying force, 
which we call gravity. The couplet about 
the flower and the- star is theief ore 'literally 
(rue. Stars, planets, moons, comets, shoot- 
ing-stars, rock, water, air, all forms of 
matter everywhere, are bound together, 
each atom to all other atoms, and all atoms 
2()0 


to each, in a bond which utterly defies 
every attempt to modify it in any ciircction 
or degree. On this one ground alom*. 
having regard to all the evidence we can 
obtain — not a mean quantity to-day — ^we an- 
entitled to say that the univorse fs a 
universe. Newton saw an apple fall, and 
argued thence that the moon must similarl\ 
tend to fall to the earth, and thence that 
the earth must similarly tend to fall to the 
sun. W hen at last he was satisfied that 
his law included the whole, solar syslcMii. 
our sun and its planets, he went beyond 
the (‘vidence. and declared that all matter 
everywhere attracts all other matter. Hi* 
had no right to do so but one : the right 
given him by his faith that the universe 
is one, and lhat what is true of the snn 
must be true of (‘V(’ry star. 

Only long after Newton’s day was it 
possible to obtain evidence that the law ol 
universal gravitation is what it asserts. 
Auguste Comte had, indt'ed. declared that 

by no possibilitx 
could nnm (‘ver 
ascertain whethiT. 
at the inconceis- 
able distance ol 
the stars, gravita- 
tion is at work. 
Nevertheless, tlir 
evidence has been 
forthcoming: and 
astrt)nom(*rs ha\i‘ 
been able* not 
merely to find tin- 
evidence, but. In 
observing and 
mi'asuring tlm 
ilisturbances in the motion of a bright star, 
to jirove the existence and com])utc the nia^s 
and the flistance of a dark star, never to In 
seen by the eye, but yet known, weiglieil. 
and ])laced by its gravitational action on 
its bright neighbour. 

The case of the star Algol is a good ex- 
ample. Algol is the Arabic name for 
Demon, given to this star because the Arah 
astronomers could not account for its van.i- 
tions. The spectroscope has now proved 
the e.xistencc of a companion star whitk 
eclipses Algol in two days twenty honi-^ 
forty minutes and fifty-three secoinis. 
The diameter of Algol is befieved to he 
about 1,120.000 miles — one-third larger 
than our sun, and the diameter of Alg<‘l 
companion, the dark star, is estimated at 
■840,000 miles, or nearly as large as oer 
sun. Although this body has never bei 11 
seen by mortal eye at this inconceivable 



WiaOniNO A STAR THAT H VS NKVKR BI-JiN SI-’.IIN' 
rin- l.iw <if by which all iliiiius ate hchl . , Im-n 

cMalil«-«l iiu-n to prove the existence of a st.ar th.it no eye lias e\er seen. 'I'hi- 
li.qhl of the fi\e<l star Alj^ol lUiiiinishes every few il.ivs. ami this is now known 
to he line to an celipse of the star hy a conii»aiiion whii li has never heen seen, 
thoii-^h it has hecn weij^hecl ami measured ami its pl.u e is ai tiially known. 



GROUP I— THE UNIVERSE 


listance, its cxist- 
iice is undoubted, 
iiul we owe the dis- 
overy to the law of 
gravitation. 

That is satisfactory 
rom the point of 
.'iow of those who 
;(ok to ]mjve that 
he universe is a 
iniversc, and that 
Is laws are vcrilv 
iiiiform and iini- 
rt-rsal. But just 
vithin recent yc^ars 
h (* t w e n t i e t li 
•tntnry has suc- 
'('uded in obtaining 
•viclence of action 
n the sky which 
I'liders the universal 
haraeter of gravita- 
ion far more im- 
HU'lant still, and 
vhich wc can only 
lope to understand 
)V looking at it in 
he light of gravi- 
ation. Our busiiK'SS 
lere is only to cpiote 
he outlines of the 
i(‘w discovery, and 
hey may be easily 
«et down. We find 
liat the “fixed 
'tars,” so called, are 
ill in motion, and 
liat their motion is 
)rd('rly. It varies 
!i direction in each 
'Jise, but on the 
.vholc its motion, so 
ar as the stars we 
ail observe are con-, 
a riied, is mainly in 
‘ o o p ]) o s i t e 
h actions. J. r. 
Kapteyn of Gottin- 
and A. S. 
hd.dington of Green- 
‘'i<di lia\e demon- 
strated the existence 
these two streams 
uliich a famous 
i^^tronomer, by a 
nest illegitimate and 
nisdentific use of 
word, has lately 
ailed two uni- 
arscs.” They are 



TWO DARK SUNS APPROACHING ONE ANOTHER 



THE SUNS ABOUT TO COLLIDE 



THE TWO SUNS IN COLLISION 



THE SUNS “graze” AND PASS ON 



THE EEEECT OF THE COLLISION 



A NEW FIERY WORLD EMERGES 



tup: new STAR SHINING IN THE HEAVENS 


These drawiNgs illustrate Professor llickerton’s theory of the hirlli of 
new stars. It is believed that star-, oocasi »nally collide, each le.tviii:; 
behiiul a portion “ grazed ” off in the rollisimi. 'I'his may bn ome a 
new st.tr, shining for n time in the lieaveii'. before its light dies out 


not two universes, 
blit two halves, or 
parts of the Universe. 
As they flow through, 
and pass each other, 
members of the two 
streams may imagin- 
ably collide. vSucli 
collisions would have 
tremendous conse- 
(pieiices, and may be 
the key to the history 
of individual stars — 
their making and 
heating, and cooling 
and destruction. All 
this wc must later 
study. Meanwhile we 
note. th(‘ enormous 
imjRirtance of gravi- 
tation among the 
stars. , 

M a them aticians 
have calculated the 
chances of collisions 
1) (‘ t w e e n s t a r s 
moving at random, 
or in opposite 
streams, but when 
their rt‘ckoning is 
made tlu'v have to 
remake it, since each 
and all of these stars 
are attracting i‘aeh 
other. Thi‘ri* are 
many collisions in 
Loiulon streets every 
(lay, when drivers 
seek to avoid and 
thus repel each other: 
how many would 
th(‘re be if they at- 
tracted each other ? 
It is evident, there- 
fore, that if we are 
to allot to stellar 
collisions a plac(‘ of 
siipreiiK^ importance 
in the making (d 
stars, and ('.ver ne\\' 
stars, thnmghout 
the ages, we must 
increase our res|)(x:t 
for the law of gravi- 
tation, which must 
immensely multiply 
the number of sucli 
collisions ; and w(' 
shall be prepared to 
discover that this 
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law, working every where, is not only one of 
the proofs of the Universe, but one of its 
never- weary architectural forces, making 
and remaking it from age to age. 

Let it not be supposed that only gravita- 
tion justifies us in looking upon the stars 
as parts of a mighty whole. On the con- 
trary, our study of light and heat waves 
teaches us that here also are forces^ and 
laws whose action is universal, and reads 
between star and star. Within the last 
few years it has been proved, for instance, 
that a force called radiation-pressure acts 
everywhere and brings into relation all 

parts of Ihe Universi*. 

Ihit this discovery 
about light and other 
kinds of radiation is 
insignificant compared 
with other evidence 
which sunlight and 

starlight afford that 

the Universe is one. 

This evidence, also, 
can onlv bti outlined 
here, hut it corri'- 
s[)onds as jXTh'ctly to 
tlie inward survM'y 
mad(» in our second 
cha])t(‘r as theevidencH* 
of gravitation corr(‘- 
sjionds to the outward 
surv’ey we made in our 
first. When we looked 
as far as we could into 
the inwar^lness of 
things we soon en- 
countered something 
called though we now 
know it should not In* 
called — the atom. 

Atoms, we learnt, are 
of some eighty - four 
kinds, each kind 
making up one of the 
e I e m e n t s, such as 
carbon or hy<h*og(Mi or st)dium. \Vc learnt, 
further, that the internal structure of these 
atoms is composed of moving units, called 
electrons. 

It has long Ix'en known that wlien any 
element is.iu‘ated (Miough to give out light, 
that light is j)eculiar to the element in 
<piestion, so that any element can be 
recognised or detected by the light it 
gives, no matter what distance the light 
has trayersed. It has only just been under- 
stood that the character of the light given 
out by any atom depends on the number 
and movethc'nt of the electrons in it. But 
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now we can appreciate one of the mosi 
wonderful of all proofs that the Univers - 
is really one — the proof that it is throughout 
constructed of the very same materials. 

A little common salt, made luminous, n- 
by holding in a flame a wire that has Ikh h 
touching it, gives forth a yellow light. 
This light can be precisely described, 
measiiretl, and analysed ; and it is tlif 
characteristic light of .sodium, the inet;il 
which goes to make up common salt. No 
sooner do we attempt to analyse the light 
of the sun in the same way than we find tlmt 
it is ])artly made in) of the same arrang* - 
ment of light-rays .is 
we know^ to be charac - 
teristic of sodium. \\ . 
are much more certain 
that sodium atonic 
whose light-autograph 
we know so well, ar< 
in the sun as well as in 
common salt than 
aiiyone can b(‘ that a 
signature before him 
waswTitten by the man 
whose name it spells. 
The handwTiting expei I 
may be deceivinl, but 
there is no forgt'ry in 
the skies, and thn 
signatiiH'S of the atonic 
are unmistakable. W e 
know^ that there an* 
sodium atoms in tin 
sun, for we have onh 
to decipher sunlight 
closely in order to read 
tlu'ir names. 

The application <>1 
this principle speedilv 
shows that the eleini'iits 
we have idciititied ‘tn 
the earth are the uni- 
versal elements which 
compose, in varying 
proportions and combinations, all heavemh 
bodies as w^ell. To mention only the m()>i 
recent instances, the peculiar element helium- 
found ill the sun, by its characteristic eon- 
Iribution to sunlight, was later found in .m 
earthly mineral called clcvcite, and laU 1 
still w^as proved to be one of the elemcni- 
produced by the breaking up of the clement 
called radium. 

This last .sentence reads like a conti.i- 
diction in terms, and it is indeed in necil < * 
explanation. The key to it adds incalcu- 
lably to our idea of the oneness of things- 
and it is yet another of the achievements of 



KU)wt-*r in the crannied wall, 

1 pluck you out of the crannies, 

1 hold you here, root and all, in my hand, 
Little flower— but (/' I could understand 
Wliat you are, root and all, and all in all, 

I should know what (iod and man is. 
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,,nr ccMitury. We have already learnt that 
. imns are not really atoms, but have parts, 
iiid therefore that the elements of which 
I’licv are the \inits are not really elementary. 
\\ e have discovered that every atom con- 
>.ists of units, called electrons, arranged in 
. ( i tain orderly ways or in a kind of atomic 
^\stem, whfeh has its own centre t)f attrac- 
tion, comj^arable to the sun and the sohir 
s\st('m. The great fact which has now to 
].(• stated, and which may be said to 
Mirj)ass anything hitherto known as 
pioof of the oneness of things, is that all 
. hclrons are the same, no matter where 
we observe them. All the electrons in a 
J 4 i\('n atom are the same. They are one 
;i i(l till' same in all atoms of a given 
ilt'iiK'iit. They are tin* same in atoms of 


simpler units, called electrons, and that 
these electrons are all everywhere the same. 
We have, therefore, all but reached the 
proof in demonstrable form that there is a 
simple stuff of which all things arc made. 

Chemistry and physics, and philosophy 
too, have long sought for this primitive, 
sim])le raw material of all things, and men 
have, often thought that it was found. Hut 
this new discoverv makes a new age in the 
history of human knowledge, by showing us 
the one element of which all material 
things are madi'. That element itself may 
prove to be not matter at all, but a foim of 
electricity, and we may find, as we do, that 
matter dissolves under our analysis, and 
leads us to a beyond which we cannot grasp ; 
but the fact n*mains that we have at last 



im. m.\rvi-:llous jcnj.kgy that winn horn through tch afticr comini; oo.ooo.ooo mili:s 

I 'll- Mill is iliy iiiosi jistiiuiuliii}? ni:iiiifVsi;iii''ii «*l ciicr-Jiy in ili*' niiivt-rsi-. Its licut r.iys, afirr a jnmiK-y nf iiimMy iiiilliiiii milfs, ii.k Ii 
' ■.nil with tiicir encij;y uiis)iciit, liol ciiuii^li tu a lirt: it diicctc*«.l lliruuj^h a piei't: of ice roiiiuk-il like :i iiKij;iiifyiiij.;.”lass. 


‘ '.liferent elements. Ihey are the .same in 
.itoins f)bserved on different worlds. 

Hitherto, somebody might Viave said, and 
many people did say, wi* had not found any 
material which makes nj) all tilings, 
I'roving that all things are one. On the 
' "ntraiy, we have found not one but about 

< different materials which wi^ called 

< 1' nu'iits, of which we asserted that tliev 
< onld never change into one another, though 
i’^iiorant men, \\c said, uscil to look for a 

IMiihiSophcr’s Stone ” which should turn 
I' '1 into gold. Our as.sertions seemed 
' urate, but they by no means confirmed 
’i!' i<l(*a of a universe, for a universe ought 
'' be made of some one ultimate stuff, and 
*1 eiglity different stuffs, 
ivadium, the revealcr, and the work which 
" has suggested and guided, have shown 
’ ' ‘t the elements are really compounds of 


succeeded in tracing and tracking tlie new 
universal out of whirh is made all 

the so-called I'lcmcnts, and all thi'ir millions 
of f'ompoimds, which compose the material 
universe. However much farthi'r the jour- 
iKW be, and even though it should be 
endless, this is a great step into the heart 
of things. 

It is j’lossiblc to go even farther, and to 
recognise two not easy h> de- 

scribe or dehni!, which are yid “ universal 
things,** and undoubtedly ri'al. With the 
survey ot these we may considi'r that our 
idt*a of the Universe is adeipiate ; and we 
may thi'refore go ahi'ad with tlie detaih'd 
scientific study ol wiiat thi' irniverse is, and 
what it docs. But these two things must 
be named first, and we must have some 
notion of what thev mean. Without them, 
we cannot attempt to study universal 
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(ivolution, nor a sinj^'lc movement or 
action on the earth or in the sky. 

Ether is the name of one of these things : 
11 le “ ether of Sj)ace,” it is often called. Its 
existence has often l)een denied, notably by 
the late Marquis of Salisbury on a celebratetl 
occasion. That, however, was in the nine- 
ti^enth century ; and the twentieth century 
finds no one, however confident and ill- 
iuformecl, to quijstion that the ether, what- 
c‘\’er it is, is a reality, and a universal one. 

The Great Vehicle of Electricity and Light 
and Gravitation and Heat 

As modern science understands it, it is 
absolutely and continuously everywhere, 
a id is the vehicle of the great forces and 
:i:tiviti(‘s of electricity, gravitation, light, 
a id heat, which mould and move the worlds. 
What it is “ in itself ” we do not know, 
but wr. strongly suspecd: that, impaljiable 
though it be, it is far more real than 
matter. If it be the necessary vehicle of 
el 'ctricity and of gravitation — which is 
s ispected by the leaders of modern physics 
to be electrical in origin and nature — and 
if gravitation acts between all portions of 
matter ev(‘ry where, and matter is itself 
i‘lectrical--then plainly we can never escape 
from th(‘ ('ther, whatever part or aspect of 
tlu‘ universe' we study : and its existence 
is one* moH' overwhelming pi<‘C(' of ('vide'iicc' 
of the oneru'.s:; of things, ('ontradictions, 
as tlu'y see'iu to us, and mysteries at present 
insoluble’, the', ethe'r pre'se'iits to our study, 
as we shall later see, but our busiiu'ss is 
to face dirticultie'S, and be'lie've' that the'v 
are’ worth .solving. 

hhiergy is the name* of the se'ceinel of 
the^se; two universal things, which we must 
name now bi'cause they cemtribiile so 
powerfully te> the ide'a of the universe as one. 

The Energy which is in Everything and 
Travels Everywhere 

h-nergy is a e-omparativedy ne’w word in 
.science, and its introeluction and elefinition, 
chiedly b\’ I’ritish students of Nature, 
was a great service to modern thought. 
It is yet another of those real things which 
caniuit be seen and- handled. We can 
define it only by its properties, by what 
it does ; and this power to do is just what 
makes it. *A great writer has expressed the 
\'iew that the chief service of the last 
centuiy to what is called “ exact science ” 
Was its discovery of energy as a universal 
thing, and of the woiuk'rful properties 
which it possesses, finally leading up to t*he 
magnificent conception of the Conservation 
of Energy, which we must proceed to study 
in our ne.xt chapter. 


Here we are concerned with eneig\ 
because it is a universal thing, and becaii r 
its behaviour proves the oneness of thines 
more abundantly than .any evidence wr 
have yet mentioned. Most householdei^ 
are now familiar with the term “ units ol 
electrical energy/* and they realise Ulu 
there is a measurable kind of power \vlii( h 
they can turn into light and heat when tlu \ 
like, and that this electrical energy can also 
be turned into the energy of motion in 
the case of trams and trains. Here is an 
invisible something, which is certainly ival 

the energy of the moving tramcar whic h 
hits you is no myth, though you cannot 
hit it back — and which can do all sorts ot 
things and travel all manner of distance’s. 
The energy of sunlight, having travellcil 
many millions of miles, can raise a blister 
on your clieek as readily as the eneig\ 
stored in water may raise a hydraulic lift, 
or the energy of petrol may raise an 
aeroplane or drive a motor-car. 

The Energy of the Sun which Enables us to 
See the Sun 

Here is an invisible, real something which 
does things ; and when we study it wc’ 
shall find that it has definite laws, never 
transgressed, not even by radium, as so 
many people supposed a few years ago : 
and we shall find, too, that its doings an; 
universal, and that its powers can he 
transferred from any part of the universe; 
*t() any other. Every star we see is sendhif^ 
energy to the liarth ; we could not see it 
hut for the action of its light-energy upon 
the ]iigment in our eyes. That energy may 
have, travelled many billions of miles 
before it reached our eyes, and may have; 
taken thousands of years to come, hiit 
it is essentially the same thing as the 
light -imergy of a match which we strike, at 
arn/s length. 

What is true of light-energy, the form 
of energy we call light, is true of electrical 
or heat energy, the forms wc call electricit\ 
ami heat. It is true of the energy contained 
in all forms of motion, and the cncri;\ 
produced when we burn coal or explode 
petrol. In all these, and in all other case'' 
where anything happens in the universe 
and something is alwa 3 "s happening ever\ - 
where - energy is at work, and energy 
really one and the same thing everywlicie. 
The evidence is already sufficient to sln>\e 
that we are compelled to think of all 
things as one, to think of the universe 
indeed a universe; but we shall find tlh" ‘‘ 
thousand times clearer still when we stiuiv 
the law of the conservation or persistent’ 
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'I energy, which is llic chief factor of all In otlicr sections we study such things- as 
Iiaiige, yet is changeless in itself. life and man and plants and nations and 

We liave spent only a few pages on a manufactures. All these things are part of the 

I heme which has occupied the greatest of universe, and subject to its laws, (iravita- 

ihinkers and writers for centuries past, tion isat w*)rk betwi'cn the stuff of tliis pai)er 

hut we liave seen enough to be convinced and the stuft of the ri'ader’s eyes, and the 

I lull, as Indian philosophy declared, not stuff of the sun and tlie stuff of Halley’s 

; mutinies, but thousands of years ago. the comet. All these things, aiul all othei 

l^'id is One. This is not only a great things, are bound by tliat link ; and if 

n>iill of scituice or knowledge, but it is the all tln^se could be dissolved into their units 

j.ioniise and the guide of future know- we should find identical eh.Ttrons com- 

i.-di^e. If things are really one, every fact posing them all, sun and paper, eyes and 



rnii MKilllV SIKICAMS OC STARS WHICH. AKI.. COR JiVliK MOVI N(i 'rilROLKiH SPACIC 


■ ■ • .itly yiai-. .)f thi? twciiliclh . •■uluiy li.ivt: iiiatU- an iiiip« .riant :ulilili.»n t'» oin knowlcdur of tin* M.ir-., VNlii.li \v«: now know to 
' ' iti'aii (.1. Icily sysu-m, ln*M in pla. c: by tin- same law i.f Kravitali..n whi< h holds in ].lai.r the f.iilhaiid all that is in it. As 

tk iw in t w o ■.p{ti>siic si riMiiiN, stars in ly im iiiin.ihl V « ollid*-. aiul it i"" possiWlc that out of these i ollis'ioiis newstais may einei j;e. 

Jid'. in it, if wi* knew enough, the key to ('oinet. All these things have energy, and 
<»ther facts. That niav sound (^\tra- are themselves acted upon by the energy 
^‘‘enil. hilt it is the sober truth that the outside them; and if science is not being 

""hlx- of what h:i])]KMis in a \ acinim tribes utterly misled by all the evidence hettuT 

’" ‘V give us the kev to the liistory of the it. that energy was from everlasting and 

-iis, and that the (d>servation of a falling will be to everlasting^ unchangeable, yet 

M l'le may lead to our learning how the never the same, working in stars and men 
'' ■‘M'lis are balanced, and what their and microbes, in martyrs and apostates ; 

'■' ^linymay be. Lastly, we must realise inexhaustible, unweary ihrongli iiitinite ages 

'■'<‘1. if afl tilings are oiie, we cannot jiast as it is to-fbiy, ami asit will be in infinite 

'■'"‘ over anything Miat -is outside the ages to come, thus making the uniyerse not 

'‘‘ii\crse. t^nly one in Sjiace, but also one in lime. 
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As we look upon this pholojjmpli of the Himalayas, it is incredible, though we know it is irn . 
that these mighty heights were “ Hung up” from the sea. The crumpling up of the earth as it 
shrank in .cooling had the effect of forcing up great masses ; and so, in the depths of a s* » 
which has now disappeared, the Himalayas were formed before a single man was oit the eartii. 
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group 2 - the ea rt h -the story of the home of man- chapter 3 


THE EARTH’S UPS & DOWNS 

The Great Upheaval in which Mountains Rose out 
of the Sea and the Ocean Depths were Formed 

SOWING THE DUST OF CONTINENTS TO BE 


W E have seen that tin; eartli (ooled 
down till it formed a permanent 
(I list, but it must not f(3r a moment be 
imagined tliat the primeval crust lias per- 
sist t*d unchanged till modern days. TIk^ 
original crust was hot, still in process of 
moling, still wrinkling and puckering, still 
-|)lintering and spluttering, still grinding 
aiul griding, still lu^aving and sulisiding. 
It was also a dry crust, and a hard crust, 
and it must have taken ages to brim tlu^ 
mean beds and emboss (he continents, 
between the iirst little steaming puddle 
and the Pacific Ocean, between the tirst 
little lava island and the summit i)f Mount 
hven'st, must have been many ;eons and 
many agonies. 

Hy what stages earth attaiiu'd its present 
contour and its present disposition of land 
and water we can only surmise. 

According to one very interesting th<K)ry, 
ilu* earth, as soon as it had tossed awa’^ 
the moon, reassunied a pear shape, and 
lound the neck of the pear gatluTcd the 
ln>t gr(‘at sea. The big end of the pear 
would thus be a great continent, and the 
^inall end of the p(!ar would emerge as a 
"imill continent in the middle of a great 
.1 the primeval Pacific Ocean. There 
\^"uld thus be a land hemisphere and an 
* an hemisphere. The land hemisphere 
i'" ''U])poscd to have afterwards collapsed 
in places, forming the Atlantic, Mediter- 
uinean, and Indian Oceans, and there is a 
-p od (leal of independent evidence to show 
dial these seas were originally dry land. 

h-yen now we find signs of this primitive 
'h'.i^ion into land and sea hemispheres, 
it. is still possible to divide the globe 
two hemispheres, the one containing 
■Cl Host all the great continental masses - 
l-'irope, Africa, North America, most of 
^ ' dh America, and most of Asia -and the 
' ’’ '“ r containing comparatively little land ^ 


Australasia, New Zealand, a bit of South 
America, and a bit of the Malay Peninsula. 

In the earliest geological times it is 
probable that a shallow sea spread over 
almost the wholes face of the globe, and 
that the dry land consisted simply of 
groups of great and small islands. In 
those* (lays Africa was probably represented 
by a i(‘w scattered islands not much bigger 
than Madagascar, and India by an island 
not imu'h bigger than Ceylon, and America 
by a few islands not niu<‘h bigger, taken 
together, than Australia, while only a 
('orner of England was visible. By degrees, 
however, as the crust contracted, tlu* ocean 
beds (U'epeiK'd, and the land areas iiu reastxl, 
and s(‘a and land ('stablish(‘d ])ermancnt 
spheres of influence, so to speak. 

.Ml great upward cha ges in the contour 
of the earth’s crust have becai due to the 
crumpling ac tion of contraction. The earth’s 
crust is not homogeneous in composition; 
and when it (ooh'd it solidified unequally, and 
when it contracted it contrac ted unc(iually. 
Professor (i. .\. Daubrev illustrated the 
principle of the contraction of the earth by 
means of a child’s balloon. To the outside 
of such balloons he applied partial coatings 
of adhesive paint, laid on in various pat- 
terns. He then allowed some of the air 
to escape, and found that the balloon 
c'ontracted irregularly. Those portions 
stiffened by i^aint contracted less than 
those unstiffened, and ro.se like islands 
traversed by wrinkles above the giMieral 
surface. In some such way the unequal 
contraction of the imeciually stiffened crust 
(^f the earth may have produced the in- 
(‘qualities of its surface — the mountains 
and (K'can beds. 

. Even after the present continental and 
ocean areas were fixed the land must have 
continued to rise and fall in a see-saw 
fashion, so that at one time one bit was 


embracing geology, physiography, chemistry, physics. meteorology 
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up and then another bit ; and geological 
evidence shows that almost the whole 
land surface has been submerged at some 
time. The cause of the upheavals is 
mainly the contraction of the earth’s 
crust ; the cause of the subsidences is 
mainly the wearing away of the land by 
rain and rivers. But we shall return to 
this subject lajer on, when we come to 
speak at greater length of mountains and 
the way in which they are made. 

In early days there were tremendous 
upheavals of deposits from the bottom of 
the sea, and these were gradually worn away 
by the action of rivers and rains, ; nd de- 
posited as mud a^d d('d:)ris on the sea-floor 
again. In tlie so-called Proterozoic Age of 
the North American continent there were 
three great sedimentary upheavals from 
the floor of the sea, and sedimentary 
accumulations i8,oo() feet, 14,000 feet, and 
50,000 feet deep were successiv'ely raised 
into mountains. After each uplu'aval 
followed icons of wear and tear, and the 
great mountain ranges were gradually 
washed away. The A[)palachian Mountains 
were lifted from a trough of mud 40,000 
fe(^t deep ; and who can say ht)W deep 
was the sediment that tilled the floor of 
the ancient Tethys Sea, and was elevated 
into the Himalaya Mountains ? 

The Hills are Shadows, and they Flow 

From Form to Form, and Nothing Stands 

The Cambrian rocks of Wales were once 
rocks in a vanished land that must formerly 
have tilled the greater part of the Xortii 
Atlantic Ocean. The land melted away 
into ocean mud ; the ocean mud rose in 
time as the Cambrian rocks. 

Mud, mountains ; mountains, mud that 
seems to be the rhythm of Nature. And 
Mother lilarth si'cms to amuse herself 
making inud-pies and washing them away 
again. It may be diflicult to believer that 
massive rocky mountain ranges can be 
washed off the face (^f the earth in this 
way, yet washed off the face of the earth 
they certainly are ; and modern estimates 
of the work done by rivers pn^ve that the 
process, geologically speaking, is not a very 
slow one. The Mississippi lowers its basin 
one foot ip booo years ; the Rhone lowers 
its basin one foot in 1528 years ; the Pc 
lowers its basin one foot in 72c) years. 
Taking an average rate of one foot in 
3000 57ears, Europe would be worn 
denvn to sea-level in three million years ; 
and in ten million years, provided that 
there were no upheavals in the Ineantime 
to raise the sediment, all the other con- 
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tinents that are now visible on the eart'i 
would be under water. Thus do rivers 

l)r;iw down Aconian hills, and sow 
The dust of continents to be. 

Proofs of the up and down of land are.i^ 
are innumerable. Almost all dry laini 
we know once formed an ocean bed. 
London is built on clay, which contain^ 
remains of marine shell-fish, such as’ tin 
nautilus, and which must have been origin- 
ally deposited und.r the ‘ea as mud. 
Below the clay s cha k, which contain'^ 
multitudes of such marine remains': 

Have the Beds of Mid-Ocean Been Lifted Up 
and Down? 

In the rocks of the Barton Cliffs, on 
the Hampshire coast, tlitne are found 
within a distance of C)rily a few miU^s ox er n 
thousand distinct species of the fossili^c I 
shells of molluscs, radiates, and other marine 
animals. Everywhere, in fact, remains ol 
marine animals are fouiitl — ^on the Al])s at 
8.000 feet, op the Andes at 14.000 f(‘ct. on 
the Himalayas at if), 000 feet. 

Whether the great basins of mid-oci‘an> 
liave likewise moved up and down is a moot 
(piestion. On the one liand, we find 
that sediment from the land flows into 
the great seas for only a limited distance 
a hundred miltis or less -and that all the 
sedimentary rocks we know are inadr 
of such S(‘di'ni*nt, do not show sptrial 
characters of deep-sea 00/es, nor the sharks’ 
l<‘eth and whales’ carboiu‘s, which niv 
always found in the abyssal depths: al>o 
we find that llu* amount of salt in tin* 
S(*a t.'dlies with the ainoimt that the known 
sediments would |)rovide. aiul givi-s no 
indication of unknown solimenls fn>iii 
vanished oceanic ('oiitinents. so that it 
ever there were continents in niid-oce:ri 
tJiey were certainly not washed avv'ay. 

The Highways of Continents that have 
Disappeared Beneath the Sea 

On the other hand, the distribution of jilant 
and animal life suggests that certain islainU 
and continents now separated by deep 
sea were once continuous. Arguing from 
the similarity ot animal life, some cauthoii- 
ties maintain that India and South Africa. 
Madagascar and the Seychelles Islands, weie 
once continuous across the Indian Ocean, aial 
that the land was broken up into island-, 
sonic of which are still marked by the 
coral atolls of the Laccadives, Maldives, aii'l 
riiagos Archipelagoes, and by the Saya «i' 
Malha Bank. • And there are similar indica- 
tions that New Zealand, Australia, an 1 
South America were also continuous within 
the time of man. On the whole, it seem- 



the greatest height & GREATEST DEPTH 

'll . II- '■■ HI j wiip mi l i l lML - - - 



ilO'.V Tiik LUSITANIA MIGHT SAIL OVKR THK ALPS IF THEY WERE SET IN IIIK ATLANTIC OCEAN 


land is not so high as the s^a is deep. The average depth of the sea is 14,640 feet; and if the highest 
‘“onntain were set in the decn^est sea it would sink out of sight .as shown here. It the Alps were 
’ >n a particuKar part 01 the Atlantic, the Lusitania might pass over them t)n its way to New York. 
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even more 


probable that continents indicate regions 
over which land has dominated since very 
early days, and that the profounder depths 
of the ocean basins mark the centre of 
larger areas, which have been 
persistently 
submerged.*'. 

Leaving how 
the question of 
the fashioning 
of the earth's 
crust, let us 
look for a 
moment at 
the fi II i s h e d 
product. 

We find that 
now three- 
tenths of the 
earth is dry 
1 a n d, a n d 
seven- tenths 
water. The 
greater portion 
of the land 
occurs in the great masses known as the 
continents of Asia. Africa, North America, 
South America, Europe, and Australia. 
The average height of the continental land 
is about 2100 feet, but Mount Everest 



TJIK BRITISH ISLES 


TIIK BF.GTXNING 


In the early days <if the world a shallow sea prolKihly spreri'l over almost the whole 
surface of the ^lol>e, lcaviti>' only* groups of islands emerging as dry' land. Only such 
Cf)rners tjf the IJritisli Isles as are seen here would In* seen in such a sea. 


towers 29,000 feet, 
the Andes reach 
over 22,000 feet. 
Hut the land is not 
so high as the sea 
is dee p. T h e 
average depth of 
the sea is 14,640 
feet, and its 
greatest depth 
about 31,000 feet. 

If we were to ];)lant 
Matterhorns here 
and there in the 
deep seas, in most 
places they would 
just appear above 
the surface ; and if 
we were to plant 
Mount Everest in 
the deepest spot, it 
would sink far out 
of sight. And the 
irregularities o f 
the earth’s surface 


and some j^eaks of 






TIIK MAKING OF THE ALPINE PEAKS 


proportion to its size than the earth can i, ^ 
in proportion to its size ; and a midge nn 
an apple would represent the size of tlx- 
Himalayas on the surface of the world. 
Professor T. G. Bonney supposes a glol.i 

of about Hi, 
radius of tin. 
dome of St . 
Paul's Catli( 
dral made U\ 
represent Hr- 
earth. OntliN 
scale,coiTectl\’ 
pr oportioiH*,!. 
“ the peak ol 
Mount Blanc 
would rise l(‘<s 
than half an 
inch above tin- 
original level, 
the summit nf 
Mount Everest 
itself would 
not be quite 
nine-tenths oi 
an inch above it, and the ocean would In- 
lodged in a shallow depression, much ol 
which would vary from half an inch to an 
inch in On a gU)be two feet in 

diameter, Mount Everest, made to scale, 
would rise about seventeen-thousandths ol 

an inch, and a 
scratch three- 
hundredths of an 
inch dee}) would 
represent tlu 
deptli of Hie 
deepest sea. 

There is a stoi \ 
told of a ScotsiiKiii 
who argued Ilia' 
Scotland would he 
bigger than Kur- 
land if it weie 
rolled out Hat : 
but mountain'' 
are very decepti\ e 
things, and 
perhaps the Scot- 
man w as o v e 1 - 
sanguine. Evi n 
the Alps rolled 


Those pictures suggest the way in which the great .\lpiric peaks have been 
made., The crumpling up of the earth would thrust up great heights of 
rocks, and the influence of the wind and rain and sun would wear away the 
softer rocks faster than the harder parts. We know from the position of 
• x-rtaiii lay’crs that some ol the great |>eaks which fascinate climbers must OUt flat W'^Ollld tUl h 
h.ive been weathered into shape in this way. ^ - 


are really very . small. 

Big as the mountains are, and deep as the 
sea seems, it must never be forgotten th^t, 
compared with the huge bulk of the earth, 
they are little more than slight reliefs. 
A wet a'pple will have more water in 
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extend the Swi^^ 
frontier about seventy miles ; and if, instea I 
of being rolled flat, they were spread equal \ 
over Europe they would increase the avcra.i’ 
elevation of the continent by only 22 fc» i* 
To such contours, then — continents ai d 
seas, plains and mountains — has the eaidi 




GROUP 2— THE EARTH 


I , on fashioned. Let us now see of what 
of stuff its crust is made, and how the 
^uii'L is laid on. 

Altogether, about eighty chemical ele- 
nuMits are found in the crust of the earth. 
iMit only sixteen are found in great quaii- 
tiiics. The favoured sixteen are these: 
.)\\'gen, silicon, carbon, sulphur, hydrogen. 


Of all the elements, oxyg'^n is the most 
abundant ; it forms about 2 ] per cent, by 
weight of the air, about 89 per cent, of 
water, and about 47 per cent, of the rocks 
in the crust. At ordinary temperatures, in 
its free condition, it is. of course, a gas the 
gas that causes combustion and is essential 
to the phenomena of life. In the earth’s 



''iiv SUKLLS MADJi 0:>I 'rilli BKO OK TH.C SIvA AKli FOUND ON TJIli HKKIII IS OK I III*: ALPS 

1 ■ •• three pi. tun s rfpif.sciit ail iiif.'il swiioii iliroimh the- Alps, .si*ii|ilirK*tl to show how ihc moiiniains ar«»so from the 'jc') 

■i' <inire«l tlietr prest nt rharacleri'.lu s, 'rhe top strip sliows a series of layers of setliiiieiitju y roi ks heiie.ith the sea ; the mwhlle picture, 
tlie ^r.'ulual rise throiiiihuut the aijes ; and the hotloin picture shows the hcndiii'4 ami ihmhlinj; of the rocks lhrou;;h the cimtr.i. - 

I of the earth, as well as the etfects of wcatheriuji;, which h.'is worn .aw.'iy p;irt.s, iiiili.Mted hv the il >iteil line. riiis emer'4en(:e ot tiu- 

iiiouniaiiis from t he sea explains why we liml sea-shells on the Alj-s. 


‘ 'ilorine, phosphorus, fluorine, aluminium, 

' 'dt'iuin,. magnesium, potassium, sodium, 
manganese, barium. These elements 
’‘'•ike up ninety-nine hundredths of the 
' rill’s crust ; other elements, such as gold 
■'’•d silver, and zinc and tin, and iodine 
[■ '”ning the remaining hundredth. Let us 
" *k at some of the more important elements. 


crust it is found in combination with other 
elements forming solids. 

The clement next in abundance is silicon, 
which forms about 25 per cent, of tlie. iMi lli’s 
crust. Combined with oxygen, it forms a 
mineral called silica, which forms about half 
of the known crust and serves to bind all 
the others together. It is seen best in the 

271 






HARMSWORTH POPULAR SCIENCE 


form of quartz. Apart from the function it 
plays in world-building, it is of inestimable 
importance to man as the basis of glass. 
\\ ithout silicon, no glass ; without glass, no 
microscopes, no telescopes, no spectroscopes ; 
and without these wonderful instruments 
how little would man know of the world - 
of “the boundless inward of the atom, 
boundless outward of the whole ”! 

Next comes aluminium, forming eight per 
cent, of the crust. It occurs chiefly in union 
with silica, as the so-called aluminium sili- 
cates, cind is found in many rocks and clays. 

More interesting, however, than any of 
these is the remarkable substance carbon. 
In the form of carbon-dioxide gas, it forms 
1-25001 h part by weiglit of our atmosphere. 
In solid form we know it as charcoal, lilack- 
lead, and diamonds. In combination with 
hydrogen, oxygen, nitrogen, and sulphur, it 
forms coal. It is tlu* fun<lamental element 
of organic life; without it. the world would 
have neither plants nor animal life. 

One other elemental constituent of the 
earth’s crust may still be mentioned -- 
calcium, or lime, ('alcium comes naturally 
after carbon, for it is in association with car- 
bon, as calcium carbonate, that it is chiefly 
found. As calcium carbonate, or limestone, 
it forms four p<'r cent, of the. earth’s crust, 
and its occurrence in the earth’s crust is of 
the greatest importance to life, as without it 
there would beneitlier bones nor fertile soils. 

Such, then, are a few of the most import- 
ant elemental constituents of the earth’s 
crust. The very interesting fact has been 


pointed out that with one or two exceptions 
the elements essential for the construction 
of living protoplasm are just the elements 
most abundant in the crust, as. seen from 
the following comparative table, accordin.j:> 
to the late Sir Joseph Prestwich. 


Elements in Protoplasm in 

K ements in the Earth in onli r 

order of their abundance 

of their quantity P 

er cent. 

I. Hydropfcn 

I. 

Oxygen 

5 <)'( ) 

2. Carbon 

2. 

Silicon 

2.5-u 

3. Oxygen 

3 - 

Aluminium 

lo’O 

4. Nitrogen 

4 - 

Calcium 


5. Sulphur 

.5. 

Magnesium 


0. Iron 

0. 

Sodium . . . 

2 ’< ) 

7. Pho‘;phonis 

7 - 

Pota.ssium . . 

I-h 

8. Chlorine 

8. 

Carbon 


i). Soiliiini 

f). 

Iron 

1 

l^otassium 

10. 

Sulphur 

- - 4 

11. Calcium 

I 1. 

Chlorine 

) 

12. Magnesium 

1 12. 

1 

Other element 

s 10 




Too 


Within recent decades, the s])ectrosco])o 
has shown us that the sun contains almost 
all the elements that we find on the earth’s 
crust, (icologically speaking, the earth’s 
crust is composed of the elements we hav(‘ 
named, compf)nn(led into hard material 
knos' ii as rock ; and rock, in geological 
parlance, includes all the material of the 
crust, whether in massive pieces or in tiny 
])articles. (jraniteis rock, but equally sali, 
soil, and sand are also rock. 

According to their history anti character, 
rocks are usually classifled in two principal 
families — igneous, or eui])tive rocks; ami 
• aqueous, or sedimentary rocks. 

All rocks, in a sense, are igneous rtx ks. 
for all rocks were once in a molten condition ; 



RIPPLES OF THE SEA ON THE BEACH OF A MAX-LESS WORLD 
Long before man came into the world the waves rippled over a beach of mud ; the mud dried so hard in the sun that the marks «'l 
waves were n<)t washed out by the next tide; and, a new layer of scdiincnt scaling them up, the marks of ;hc ripples are prt‘'t'\<i 
for us to daj', actual images of a world in which man had not yet emerged. 
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sun-ckac:ks in thk icaktii on thk banks oi!* tiij-: coi.okado kivkk 


Ills pliotii^rnpli aflbrds aji exatnplc whicli can lie seen tn-day of ihe uay in whit h ilu* .surfare of the earih is split uj) hy nntur.il forces, 
in- liiciiiif rcprc.senls a low plain on the hanks tif the ( olorath* Kiver in ( 'alift)rnia. In lime of Hood the river oserlhiws into Ihe 
l.iiii ami h-aves hehind a ricli dei>osii of alluvial imid, widt h is tlrietl hy the fierce sun, ami crat ked iiilt) immense hlocks, leaving ^aps 
■111 line to five inches uide, aiiil twice as deep. Into ihest* t lat ks the f.irnit-r ihtows his soetl, leajiiii}' a lit h harvest in a liehl irri.i;.itei|, 

feililisetl iiiul ploiit^hed foi liim hy n.itiiral firct-s. 

ml. tlic term igneous, as a classilying term. the lu'art of sedimentary mountains, and is 
reserved for rocks wliicli show signs of aid l)are only after ages of wearing away, 
n^ion ; while the term aqueous is tin* term Sedimentary rocks art* in layers, as might 
ipj)lie(l to rocks which have been broken be expi'cted, since in the juocess of this 
ip by wind, water, ami frost, and strewn tormation layer is (ie|)'osited on layer. Tf 
n layers on the surface of the earth. The the layers an' thin, they are known as 
term sedimentary is also applied to rocks ‘‘ lamiine,” and the rocks are said to be 
I'MHied hy the deposit of substances in laminated. If the layers are thick, the 
''dill ion— as salt, for example— and to layers are known as “ strata,’* and the rocks 
KH'ks formed by the deposit of organic are said, to he stratifted. Layers can 
lenidins, as coal and chalk. be distinguished from each other only 

Igneous rocks are probably in most cases when there have been periodic changes 
l‘*r(i'(l towards the surface by volcanic in the size or cliaracter of the deposited 
d'tion. We find them intruded into sedi- material. A stratum may, of course, contain 
dd'iUary rocks and inserted between their laminai, and in such cases the strata may he 
''bala ; and from the condition of the compared to books laiil one above another, 
1 ounding sedimentary rocks they have and the lamiiite to the leaves of the books, 
^'vulcntly been intruded when at a v'cry Somctiifies it is very clifficult to make out 
temperature. When they escape at the layers at all, and this condition obviously 
"^^irtace they show as lavas and other vol- indicates a gentle and steady depositing ; 
f'aiiic rocks; but when they fail to reach whereas strata distinctly diff 'reiitiatecl 
surface, and have to cool down under indicate variable currents, with sediment 
layers of sedimentary rocks, they varying in quantity and quality. As layers 
■>^‘pnre a crystalline character. Granite, for arc usually dep sited under water, it is not 
^’i^'tance, is an igneous rock that cooled in unusual, especially in the finer sandstones, 
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1() find ripplc-iiiarks. In other cases, where 
the sediment has been exposed to air and 
sun, sun -cracks — such as one sees in sun- 
baked sand are slu)wn. In otlier cases, 
rain-jnarks, fin-niarks, footprints of animals, 
and worm-tracks are visible. 

Sedimentary rocks, as we have already 
seen, have been elevated from the door of 
the sea by the pressiin* of the. contracting 
crust. They are laid down in Hat layers, but 
the pressure naturally disarranges and 
crumples, and may fracture them. They 
are almost inevitably displaced from the 
horizontal, and the (U'gree of displacement 
is known as their di|). When the strata 
are torn the ends are apt to be displaced 
like th(^ ends of Ixiiies in badly set fractun^, 
and this dis])lacement is known as a fault.” 


expend more energy than is nccessar\. 
Some rocks which have been deposit t* 
for a long time have been so changed i 
their structure by water, pressure, an 
heat that it is impossible to decide wit 
certainty whether they are igneous or sc d 
mentary, and rocks of this doubtful natm 
are generally termed metamorphic. M.m 
such rocks have a foliated structure; tlia 
is. they show a peculiar parallel disposition ( 
the minerals which compose them. Exam pV 
of metamorphic rock are seen -in gin iv 
mica-schist, serpentine, and statuary rock. 

When we take a general view of the cub 
of the earth, nothing is more striking tlia 
the tremendous amount of sediment ai 
rocks that enter into its com]X)sition. Her 
and there are intrusions (d igneous roc). 


The two o|)|)osing ta('<‘s of a fault may be 
displaced to greater or 
less degree. Sometimes 
ther(^ is very great dis- 
placement. 'I'hus, near 
Sedbergh, in ^'o^kshirt^ 
there is a fault esti- 
mat(*d at 5000 feet, and 
there is a disj)lacemeut 
in the Ajjpalachian 
Mountains that has 
been estimated as no 


I nil I \ 11 y \\ I II. 1 » 


(h'posits -- - d e j)o s i I 
which attain a maxi 
imnn thickness ol ii^ 
less than fifty miles. 

These rocks a lion 
the most interi*sliii, 
study for the hist or 
of our earth. For ii 
them, is preser\'ed, la 
better than in air 
historical archi\’t‘s. tli* 


less than 20, 000 feet. 
Great faults like thesi* 
were probably |)ro- 
duceil by progressi\’e 
displacemiMit. 

Strata are not only 
bent, tilletl, fractured 
by lateral ])n*ssure. but 
they are also worn 
away by such natural 
agencies as frost, wind, 
rain, rivers; so that. 



I lif.st*. footprints mark the trai k .*tn aninuil that lo.iiiicil 
till- Woiiil l.ifore th«* il.i^s of mcii. 'I'hey ate tin* iiiipri >sions 
ol llie foot of a picliislorii' rreatiiic inach* in mini whicll ilriial up 
i.ipiilly in llie Min am! were prcser\etl in ;i i.-^er of roi'k, .a 
jiirlurc in the hook t>f Nature whirli is sloiilv t>peiiiiii; itself 
tlirini-.4li the .l it";, hehire the eyes of men. 


imunoricils of the iK 
velopmiail of onr glnln 
from the reinott-' 
limes to our own day^' 
and above all. in tin 
miinerons fossil rc 
mains conserved ii 
their strata, we sec ili< 
wonderful races *• 
plants and aninhil' 
that once peopled nii 
world. But the cnis 


instead of presenting a curva^d surface, 
they may present edges and angles. The 
edges of strata whicli appear at the sur- 
tace arc known as their outcrop or bass(*t. 

Both igneous and sedimentary rocks 
show s]dits called joints, which are caused 
by slirinkiiig through loss of heat and water. 
In many cases liexagonal splits occur and 
hexagonal columns ar^ lormeil. such as are 
well seen in Fingal’s Cave, in Staff.i, and in 
the ( iiant’s Causeway, in Antrim. The splits 
take this hexagonal form simply because 
wlien “ a mass is subjected to a uniform strain, 
the cracks, according to the law of least re- 
sistance, tend to assume a hexagonal form,” 
or, as Bouncy puts it, because “ Nature, in 
producing an effect, avoids the mistake so 
common among fuss^- folk, and does not 


of the world is not a finished hook yet. Stil 
the rains pour, and the rivers flow, and ili< 
waves beat. Still the mountains arc wasluM 
away, and still the rocks become nind. >til 
on the floors of the ocean sediment acciiinu 
lates; and who knows but that one niorniiu 
there will be a mighty cataclysm, an<l. ki’ 
hold, a new mountain range ! The earth': 
crust is not so pliable and plastic as it 
to be. but still mountains may be in the ni ik 
ing in the depths of the sea. Who could h.iv< 
foretold that the ancient Tethys Sea va; 
conceiving the Himalayas in its womb ? Aa^ 
who can guess what mountainous surpi i-c: 
the oceans of the world may yet hoM 
Slowly, imperceptibly, the old continent: 
are worn away, but the rise of a new i 'n 
tinent may be as sudden as an earthquake 



AS FAR AS LIVING, THINGS GAN ROAM 



tile height of Mount Kverest, 29,000 feet above the sea-slK^re, to the depth of the deei)est sea, 
V ' ■ '• feet below the sca-shore, life can exist, and within this range of eleven miles all known life is 
'1 I'o these extremities the'earth reaches up and down, yet human life is lived, normally, vMthin a 
* act inn of this distance which separates the highest mountain peak from the blackest ocean depth. 
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‘THE NEAREST WE CAN GET TO LIFE' 



• It is tlie uiiion of oxygen with the inside living cells which produces the energy and wariuil 

and movement, ihe^ very lift, of all living things; and this union is effected by means of fernK'>|l-j 
which lire an essential part of ail protoplasm, and have remarkable power. It is these ferments wlao 
cause yeast rise, and this picture shows yeast-cells containing ferments magnified looo times. 
under the microscope, these tiny cells appear to be inhabited by countless living things, bubblins 
with life ; jukI such a scene is the nearest glimpse that we can get of what happens in the living ‘ vn 
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>OUP 3-LIFE THE POWER THAT RUNS THROUGH ALL THINGS- CHAPTER 3 


'HE VERY HOME OF LIFE 

A Peep into the Wonder- House which all Life 
Inhabits — the Holy of Holies of all Living Things 

HE SINGLE CELL FROM WHENCE WE SPRANG 


LL living things without exception 
. consist of units called cells, and the 
ing cell is therefore known as the unit of 
Yet this familiar assertion requires 
^ novel qualification that we now have 
[)arent evidence of living beings, such as 
ly cause certain diseases when they in- 
iie our bodies, which arc so small that 
cannot see them, and therefore cannot 
/ what they are like. J3ut all living 
ngs, from the smallest that can be 
corned by the highest powers of the 
croscope, up to the largest whale, consist 
cells. 

Many consist of only one cell, which is 
^ whole individual, and among these 
icellidiiy creatures are all the bacteria, 

I many forms of animal life as well, 
t all the plants and animals which have 
^s('d beyond this first stage consist of 
ny cells joined together, and are therc- 
e called multicellular. The meaning of 
naiiy ” in this connection may be gauged 
rn the fact that more than six millions 
cells may be found in a drop of human 
►od equal to two pins’ heads. 

^yiien we speak of a cell we usually mean 
losed space, which may be empty or not 
IS a prison cell or a cell of bees’ wax. 
rc the wall, or boundary, is ‘the essential 
ng. The word “ cell ” was applied to the 
its of living bodies because the wall was 
first supposed to be their essential part. 
Ils were first discovered rather more 
a century ago in plants, the cells 
which usually have very marked, strong, 

1 thick cell- walls. The discoverers sup- 
ped that these walls were the vital thing, 
J 5^0 they spoke of cells. Sometimes, as 
saw, the cells were filled with some- 
; sometimes, as often hapj^ens when 
nUcells are .prepared for seeing under 
' niicroscope, the cells appeared to be 
Pl\', their contents having dropped out. 


But it was only eighty years ago that 
the real importance of the discovery was 
realised, and the cell-theory of living 
things first formulated. Later study showed 
that what was true of all plants was 
also true of all animals, though the 
outlines of tlie cell anil the cel I- wall are 
usually less conspicuous in animals. And 
later still it was found not only that the 
bodies of all the higher animals and plants 
consist of cells, but that they have each 
of them sprung from a single cell. The 
reader’s body was thus once a single living 
cell —the most marvellous thing in the 
known univiMse. 

But we cannot learn anything more 
about the cell until we correct the old view 
which thought that the wall was the cell, 
as the walls are the cell of the honeyx'omb, 
or the cell of the hermit ; and that the 
contents were just the food or the packing, 
so to sa}^ of the living being. We under- 
stand how the mistake arose, and w^e need 
not change the name which expresses the 
mistake. Nowadays we know that the 
contents arc the essential thing ; and when 
we talk of cells nowadays and study them, 
and when men devote their lives, or found 
scientific institutions, for the study of 
nothing but cells — the science called 
cytology — they really mean the contents 
of the cell, not the cell-w^all. Indeed, w'c 
now know many forms of living tissue in 
which there are no cell-walls at all, and 
therefore the word " cell ” is really inap- 
plicable. But the contents are there, and 
they are the vital thing. 

They are vital indeed, for they are alive. 
The cell-contents are the living substance, 
“ the physical basis of life,’’ now known 
as protoplasm. When we* study cells, 
therefore, w'e study the protoplasm they 
contain, and that is the study of life as 
nearly as man can approach it. Yet the 


'^bracing biology, evolution. heredity. CONQUES iToF disease’ 
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cell-wall deserves a word or two before we 
proceed to consider the living substance 
which the wall encloses. 

Though few animal cells, nor even plant 
cells in their youth, have such cell-walls 
as first gave us the key to the cell at all, 
yet cells have, membranes, or “ skins,'* of 
some kind or another. For instance, a 
red blooil-cell is enclosed in a membrane 
which we cannot sec, but which is certainly 
there, for the cell is elastic and returns to 
its old shape after it is squeezed. 

The Exchange that a Cell of Life Makes with 
the World outside it 

Even the amoeba must have some kind 
of covering surface to its body, though 
it may Ixj more like the surface of the 
water in a full tumbler than anything else. 
At the very least all cells have surfaces; 
and, as all cells mostly consist of water, 
these surfaces, whether there be a thick, 
visible, frontier wall or not, must in some 
degree behave like other fluid or half-fluid 
surfaces. When we study the surface of 
a fluid such as water or mercury, and 
when we -study the behaviour of gases on 
two sides of such a surface — the air side 
and the water side — we learn that all sorts 
of extraordinary and peculiar things are 
caixible of ha[)pening. 

Now, within the last five years it has 
been realised that these facts — long familiar 
as regards membranes and fluid surfaces 
and so forth, quite apart trom living things, 
and studied as a branch of physics — hold 
within them the key to many of the facts 
of the life of cells. The cell is incessantly 
making exchanges with the world outside it. 
Tt breathes, and feeds, and excretes, takes in 
and gives out gases and solids, and ever re- 
quires fresh supj)lies of water, and disposes of 
i ts old supplies. I f these processes of exchange 
should cease, the cell must forthwith die. 

Will the Key to the Living World be Found 
in the Not-Living World ? 

But the natural laws that govern 
the behaviour of surfaces, or membranes 
which are . partly penetrable by gases or 
liquids or by both, apply in tlie realm of life 
exactly as they do anywhere else : just 
as, say, the laws of gravitation or of motion 
apply to and within a tree or man as to 
a post or an engine. It is practically cer- 
tain, therefore, that in a few years many of 
the problems of life, and oi the proc-esscs 
by which life maintains itself, will be 
solved by the aid of the piivsicists, who 
bring their expert knowledge, derived from 
the non-hving world, and begin to show 
how it contains the key to much of what 
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happens in the world of life. There is a 
mechanics and a dynamics of the cell ; 
and all the laws of what physicists call 
snrjace-imsion, and capillarity, and osmosis ^ 
and many more of these things, which 
students of life had hardly even heard of, 
will teach us to understand how the cell 
manages to breathe, and drink, and feed. 

Nay, more : these laws of physics — which 
men have hitherto studied in the behaviour 
of mercury in a tube, or of the surface of 
water when a stick is pushed into it, and so 
on — these may help us to understand even 
how the cell moves, and how it absorbs 
gases into itself, and so smells out its food, 
and avoids its enemies. All this subject is 
too undev^eloped and difficult for us to 
discuss at present ; but while we put tlu; 
cell-wall in the background, and correct 
the first observers who thought the wall 
was the important thing and the contents 
negligible, we must remind ourselves of 
what ])asses to and fro through that wall, 
and shall not unduly forget its existence. 

Inside the cell is the protoplasm, and here 
we are in the very holy of holies of life. 
No fact of protoplasm can be too minute for 
our attention, and no degree of study can 
be excessive. Books may easily be devoted 
to our present knowledge of it, but we 
do not yet know one-himdi^'d-thon- 
sandth part of the whole. 

The Knowledge that Future Generations will 
Gather about Protoplasm 

We must use every means of study. 'J'lie 
microscope must be jmshed to its limits. 
Chemistry must teach us the composition ol 
protoplasm. All manner of stains and dyes 
must be applied to cells in order to pick out 
details and structure otherwise invisible. 
Cells must be studied in life and in death, 
and in the process of dying. The move- 
ments of their protoplasm, inside them, 
must be watched, such as the circular niovt^- 
ments of the protoplasm just inside the wall 
of many plant-cells, the crawling movement 
of the amc^ba, the kind of dancing movement 
inside the malaria-parasite, and so forth. 
Every kind of protoplasm must be studied 
— which alone is a task for generations to 
come, since every living species must have 
a different kind of protoplasm — and th^ n 
every kind of protoplasm must in turn be 
studied in every variety and conditioie^ 
when it is cooled and heated ; when it 
srtarved and gorged ; when air is denied ib 
and when the pressure of air is raised j 
when it is put into oxygen ; when alcoho 

chloroform is administered to it ; when 
light pours on it ; when Rontgen rays aie 
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applied to It ; when electricity J have a nucleus, but as tliev 

s passed through it, and so on. ' vCU, mature they lose it, and give up 

he field of study is infinite— "£jL many possibilities of their lives 

iterally and strictly infinitti. in order to devote themselves 

onsider that chemistry makes 11 wholly to their mechanical task 

laily new compounds, each of /| of porterage in the blood. They 

vhich acts in certain ways on also are therefore not typical. 

)rotoplasm, and in different ways '? The typical cell, such as the 
Ml different kinds of protoplasm. - . • amceba or one of our white cells, 

.nd this one fact alone will show ^ consists — ajiart from its covering 

hat there can never be any end a nucleus and 

() our study of living matter and ^ \ ' the rest of the cell outside the 

ts behaviour. Here, then, we tlo ” \ miclcus. Though the greater 

lot hope to learn all about proto- 1 1^"^^^ usually consists 

)lasm, nor yet one billionth part protoplasm outside the 

»f wliat there is to learn, but - nucleus, we definitely know that 

re may make a beginning. ^ the nucleus is the most im 

( ells vary widely in their V r , ])ortant part. We may say tha: 

hape, and size, and structure. ^ . .. 

ccording to the species they 
K'long to, and the part they 
lave to play in the life of tlie 
)ody. But on the whole there 
a type to which they con- 
orm, and that type is well 
ejiresented by such cells as the 
iiurba, or the white cells of our 
iwn blood. The amcelia consists 
'f a single cell, and is the ^ study living matter in the 

nimblest of known animal crea- " sim]>lest form we can discover, 

ures ; our white cells are tin\- /j® /a ^ \ must study the protoplasm 

»arts of the highest form that { /' \ of the cell-body, 

ifi* has attained. The fact is no I® r Naturall}'. the first (tuestion 

‘■'^s significant that the aimeba , fl which the microscopist asks, 

11(1 tlie white cell, or leucoevte, ' ’ ~ lie looks through the best 

liould be so similar. ' instrument he can obtain, is 

lliese are not by any means ^vV: what structure this protoplasm 

lie simplest of known cells, but ;/< 'C*— ; — ..i? displays. Often it looks grami- 

liey are typical complete cells, lar. Sometimes there seems to 

11(1 all the higher forms of life are v ^ be a sort of network. At other 

l(.‘rived from cells such as these. ; ! \ with other methods 

' e might have chosen such cells I ^ P preparation, the pnjtoplasm 

^ those which constitute mi- I ^ i B seems to have a structure re- 

lobes, or the red cells of our ^ sembling foam. Controversy on 

jlood. These would be simpler. these appearances has been 

'01 instance, they do not contain i4'; 1 chronic for many years, but here 

we need not attempt to decide 
between them. Protoplasm does 
certainly seem to have some sort 
of structure,* under the micro- 
scope, but probably this struc- 
ture varies at different times ; and 
it may be that' the appearances 
of a network or of a “ foam- 
structure ’* are only those of 
dead protoplasm, not of the 
living stuff which we seek to 
^ J^ot degenerate in the same picture how an understand. We are here travel- 
ciise. but its simplicity is also fnsSiuiy^ "‘mf “ als^'’‘how'"the ling far beyond the limits of 
^eptive. Young red blood-cells what the microscope can 


ninsT important and vital part 
'1 most cells, called the nucleus. 

this simplicity is only ap- 
>invnt. The microbe-cells are 
It^generate, and represent a fall 
Jhl detect, as compared with 
>cifect cells, which can live as 
>Mnts should do — cells of which 
■microbes are the degraded de- 
fendants. They are therefore 



. ,/ ~ w. w. -w . .. .* > 

typical. The red blood-cell thi^ simplkst animal 


- - / ; 11 IS all -1 m port ant, as we sliall 

7 * t>f the sub- 

stance of the cell is undoubtedly 
-A alive. It is living protoplasm, 

' \ and shows the characters of 
_ I ju'oto plasm in their sim])lest 
form. The nuclcu?is also com- 
/ posed of living protoplasm, but 
iiere a higher stage has been 
yT ' reached. If. therefore, we desire 
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n^vciil, iind oilier nietliods arc nocossary. 
('liemistry ^ives iis aid. First, we find that 
])n)toplasm exists in water, and that all 
living prfitoplasni consists of water to the 
extent of about three-quarters of its weight, 
'file remaining quarter is not so easy to 
des('ribe. It is; of course, 
so far from being a 
simple substance, as tlie 
name protoplasm miglit 
lead us to suppose, that 
it is really an ever- 
changing and incalcul- 
able mixture, blend, and 
combination of a vast 
number of substances, 
from elements liki^ oxy- 
gen, readN’ for the j)ur- 
j)ose of combustion, up 
to c o m ]) 1 i c a t e d sub- 
stances calhul prot(*iiis. which no cluauistry 
yet can unravel. What w(; call ])rotopUisin 
includes all these things. Hut though they 
defy description, we can at least deftnitt'.ly 
assert that Certain elenumts are always 
found in protojilasm. TIie\' are carbon, 
nitrogen, tixygen, hydrogen, snljihur, and 
])hosj)horus. Some others are probably 
nec(‘ssar\’, such as sodium and chlorine, 
combined to form sodivun chloride, or 
coniinon salt, which appears to ])lay a 
necessary part in all life. Hut the six first 
named are absolutely essential. It is ])ar- 
ticnlarly to lx* observi'd 
that tht^se eleiiK’uts. 
ne.cessary for life, are 
not rare Init common, 
widely distribute(i 
throughout air. land, and 
sea. And it is no less 
noteworthy that proto- 
])lasm dis|)lays to the 
chemist !’(• element what- 
ever with which he is 
not ])erfectly familiar 
elsewhere. It is crowded 
with Sjieci.'d compounds, 
met nowhere else, tlnnigh 
the elements of which 
they are coinpoundt^l are 
nothing but certain of 
those elements which 
make the earth, the sea. 
the sun, and the .stars. 

When protoplasm is further rmaiysod. we 
find that its necessary element - are built up 
into definite and characteristic groups of 
compounds, such as salts, starches, sugars, 
fats or oils, end proteins, which are the most 
important of all. When we kill protoplasm 


these are the separate groups of things whic h 
we get out of it. If we suppose, howevei, 
that they exist, just mixed together, ni 
living protoplasm, as the ingredients of .i 
Christmas pudding arc mixed, we lose am 
chance of understanding how protoplasin 
lives. If we could an;i- 
lyse living protoplasm 
which is impossible, toi 
we must “ murder in 
dissect ” - w e sh o n 1 .1 
doubtless find that Hu s,- 
various compounds exisi 
in a sort ot further c<mh- 
]K)undness with ea<li 
other. 

They are somehow 
much more than meich 
mixed or packed togetlici 
that they can exchan^^c 
atnnis and groujis of atoms among Hum- 
selves, in a fashion which no clumfist ( .m 
imitate in any of his experiments. ll i> 
this uni(pi(^ capacitN’ for rapid, various, 
reversibk^. chemical change and interchang«.- 
that marks the chemistry of protoplasm. 1 1 
is the most unstable substance in the world : 
and if it ceases to be unstable, ever changiiij^ 
and liable to change, it dies. Again w«' 
learn the truth that to live is to change. 

One more fact about the chemistry (»1 
protoplasm is essential. It is alwa 3 ^s burnin.!; 
awa\-, and therefore it alwa^-s requires o\\- 
gen. In one word, ii 
breathes ; and e\'er\ 
living cell breathes cnii- 
tiiuioiisly or dies. Keci iii 
extraorciinaiy e x ]) e i i - 
ments b^^ French scien- 
tists suggest that lln'^ 
breathing may some- 
times be made very slow 
indeed, if not even 
suspended, so that tlu* 
living cell may alino-t 
cease to live for a tim* . 
but will resume its lil^' 
and breathing w In n 
water is supplied to it 
Here is the explanati'*” 
of the germination 'd 
dried seeds which ma\ ^ 
a century old. Hut the-e 
cases where life .scei ns 
temporarily suspended or relaxed are jn-i 
the exceptions which prove the riil' 
The seeds cannot go on breathing, becam*^’ 
the indispensable water, the medium of iiU 
the chemical changes of life, is absent. 
Supply the water, and life starts again- 



Till THING WITHOUT WHICH A CULT. OIKS 
Ni> cell can live witlniiit its nut lens, which is nnckeil 
wiili nuclt-uplasni. If a cull r:in he clivitiud so rn.it the 
nueleiis is tail away fnaii one i»:irt, th.at pait will die. 



IMIIATIONS OF LIFF-CKT.LS 
r.uis of an .-irtitiebl product iiuide in a lahoralory, 
shtjwiii); how closely cells of life can be imitated in 
artificial structure 
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\()tliing in modern research takes us farther 
into the hidden places of life than these 
, spenments. 

If protoidasm must take in oxygen and 
i.se it up in order to live, \ve> must satisfy 
..iirselves as to how this happens. The 
,)\vgen enters the cell, and reaches the 
|,!()lo}dasm within, by passing through the 
rxterior of the cell ; and we have seen that 
ihe ])hysicists are helping the students of 
lilf to understand the torces wliich move the 
owgen inwards. 

And now, we may 
<u})pose, it feeds 
I he living flame, 

,is w(? may meta- 
|ilu)rically call it, 
liist as oxygen 
h-eds the name of 
.1 eandle or a fir(‘.* 

That is not what 
hap|)ens, and could 
not be what 
ha])|)ens. No living 
thing can exist at 
llu* temperature of 
a cam lie - flame ; 
and oxygen will 
lint combiiKi with 
the materials of 



special agents called ferments, which arc 
made by protoplasm, or, rather, which are 
essential parts of all living protoplasm. 

So wonderful are these ferments, by which 
protoplasm is burnt or oxidised, that not 
only are they capable of conducting this 
o])eration under conditions which arc 
utterly impossible elsewhere, but they can 
control its rate and its character for the 


]xirticiilar convenience of the ]3rotoplasm 
in question. The living cells that compose 



any muscle, for in- 
stance, (juietly 
live and breathe 
by using a little 
oxygen, so long as 
thev are not called 
upon to contract. 
Hut the ferments 
they contain are 
able to hasten the 
rate of combustion 
instantly a thou- 
sand-fold when a 
ner^i gives the 
order, and the 
muscle-cells are 
set to work. 

Again, tiu're an^ 
ferments in some 


protoplasm at any 
-ucli low tempera- 
tures as those of 
'ix'ing things. I.c’t 
1 lie student of fuel, 
tlie motorist, the 
lioiisemaid, the 
riigineer, tlu‘. cook, 
iinugine a fuel 
\'liich is three- 
loiirths water, a 
luel much more 
than dripping wet. 
•ttid then imagine 
the task of getting 
that fuel to burn 
‘>1 iIk^ temperature 
"t one’s skin. 



TVI’liS OF TIIK CKLLS TJIAT HUMAN I.IFK IN HA HITS . 
tilings m.-iy be aiiiiiuii or vegetable, laigr or siiuill ; they iiiay lloiirish 
ill thf. lowest and blackest depths of the ort-.m, or upon the di//iest 
i)Hl they all coiisis! of r« 11s, of wbicJi these are three types, taken from the 
himian boily. The 1o\\«t pin lire shows fibre-. <*onnerting nervi--i-ells. 


kinds of proto- 
p 1 a s m — t hose 
found in the mi- 
crobes, discovered 
by Hastfuir. which 
cannot live in the 
pn^sence of air 
which are more 
wonderful still. 
'I'll esc microbes 
live, away frf)m 
tlie air, in sub- 
stances such as 
beef-jelly, which 
consist of com- 
j)onnds of oxygiui. 
These compounds 
ha\e to 1)(^ 1 ) 10 ken 


Xowhere hut inside living protoplasm can 
^ui'han astonishing thing be done, and it can 
“'ily |)c done because the burning or combus- 
or union with oxygen, of protoplasm 
a iinique process, vastly different from 
myihing that naturally occurs, or can even 
h‘‘ i)roduced by experiment, elsewhere. 
1 he jirotoplasm of the living cell takes the 
'^ygen into its very substance, and its 
’>mhination, which produces the energy, 
the warmth, the movement', of all living 
tniiigs. is effected by means of certain 


up and (lccom])oseil, and the oxygen sucked 
out of them, if the microbes an; to live, and 
this is done by special ferments which arc 
contained in the protoplasm of the microbes. 
It is as if a drowning man could decompose 
the water — a compound of oxygen and 
hydrogen — which is suffocating him, and 
could breathe the ox^^gen thus obtained. 

The general ])rotoplasm of the cell often 
contains all manner of things which arc not 
part of it. They may be the remains of 'a 
feast, . as whjii the amceba is digesting a 
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meal, or when a leucocyte is digesting a 
microbe or a malaria-parasite. In other 
cases, the protoplasm may contain special 
products of its own creative power, such as 
the green specks of chlorophyll which we 
find in the cells of green leaves, and which 
are there for the purpose of the plant’s life. 
Also, the celh protoplasm may contain any 
number of kinds of foreign substances 
which have been administered to it, some 
harmless, but most of them poisonous. 
These are in the protoplasm, but not of it ; 
and the same is true of many waste pro- 
ducts of the life of the protoplasm, wliigh 
it is in process of discharging. 

The Wonderful Nueleue which ie the Centre 
of the Life of the Cell 

Let us turn now to the luicleus of our 
cell. A simple round bacterium, such as 
causes inflammation, has no nucleus. Con- 
sidering that it is perhaps only one twenty- 
five- thousandth of an inch in diameter, 
the fact is not surprising. But this is a de- 
generate cell. ' It may very likely resemble, 
in its degenerate state, earlier cells of long 
ago, which existed before the amoeba or 
the humblest known plants, and which had 
not yet developed a nucleus. We must be 
careful not to forget that the nucleus is 
really a high development and elaboration 
of the cell, and that it may have taken as 
many ages for its evolution as, say, the 
vertebrate skull has taken, or the eye, or 
the speech-centre* in the brain of man. 

The first fact we learn about the nucleus 
is that it is the centre of the life of the cell, 
just as the skull and its contents are the 
centre of our lives, and any part of the body 
which is cut away from the head must die. 
Yet, as we know, the head is a recent 
invention, so to say. Similarly, the nucleus, 
though it is the newest part of the cell, has 
made itself essential to the cell’s existence. 

The Nerve which Tells Us when our Shoe 
Pinches 

If any cell be cut in such a way that the 
nucleus remains in one portion and the other 
contains none of the nucleus, that other part 
will die. But the part which contains the 
nucleus will not die. On the contrary, it 
will make good its loss, and be none the 
worse. This •extraordinary fact is true of all 
cells whatever. What we call nerves arc 
prolongations of the protoplasm of nerve- 
cell^. The nerve which informs us when' our 
shoe pinches is a prolongation of a cell — or, 
rather, of many cells — in the spinal cord,* 
perhaps three feet or more away from our 
corns. Th^ life of the nerve depends upon 
the nucleus in the nerve-cell, just as we see 
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in the amoeba. If the nerve be divided, the 
part next the cell, which contains the 
nucleus, is none the worse, just as the proto- 
plasm which is still connected with the 
nucleus of the divided amoeba is none the 
worse. Hut the part of the nerve which has 
been separated from the nucleus in tlu* 
nerv^e-cell immediately degenerates and 
dies, just like the amputated piece of th(' 
amoeba. The law that the nucleus is the 
centre of the nutrition and life of the cell 
is therefore proved equally true of tlu! 
lowest and highest types of nucleated cell 
the amoeba at one end of the scale, and a 
human nerve-cell at the other. As we shall 
later see, cells divide, and when they do so 
the nucleus divides also — indeed, the 
nucleus always divides first — and thus each 
half of the cell has a portion of nucleus in 
it, and can live and corhplete itself. 

We may go further, especially in the light 
of what we learn from the study of the genn- 
cells from which new individuals spring, 
and wc may say not merely that tlu' 
nucleus is the vital centre of the cell, but 
that it is the real cell — the real living being. 

The Cell which Gives Rise to New Indi- 
viduals 

The rest of the cell has a subordinate an<l 
dependent life, which ceases when it parts 
from the nuclei? s ; and wc cannot doubt 
that the rest of the cell simply exists foi 
tlij2 nucleus. It protects the nucleus by its 
mere presence. It takes in air and food 
material, and i)rcpares them, no doubt, for 
the service of the nucleus. But it is possible 
in some cases to shake a cell in such a 
fashion that the nucleus drops out. This 
naked nucleus can not only live, but can 
give rise — if it be the nucleus of a gerni- 
ccll — to new individuals, in whom nothing 
is lacking. But a cell which has lost its 
nucleus will soon die and come to nothing. 

Soon wc shall devote ourselves to stiuh - 
ing the supreme business of the nucleus, 
which is to divide and forrn new' cells, and 
meanwdiile we have noted *the function of 
the nucleus in nutrition. But before wc 
study its function for the reproduction of 
the cell, and for all that depends upon it. 
w^e must realise how cells arc built up into 
individuals, arid what becomes of them. 

The lowest plants and animals consist 
simply of one cell apiece. In time the cell 
divides and forms two individuals, each 
consisting of one cell, as before, as we see in 
the picture on page 152. All the higher 
plants and animals begin their individual 
existence as one cell also, and that cell 
divides, just as the amceba divides, but in 
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this case the two daughter-cells stick to- 
i^a^ther. They divide again and again,' until 
we have a multitude of cells. Of these, 
some turn into skin, others into bone, others 
into muscle and nerve ; and, lo I here is a 
living animal or plant. 

All this depends on cell-division, and, in- 
deed, division is as much an essential and 
vital part of the cell's 
business as is its own 
individual maintenance. 

1 1 lives to divide. This 
division is one of the 
most wonderful and 
mysterious facts in all 
science, and is still the 
secret of the nucleus. 

Hut why should a coll ^ 

divide at all ? Why All cells must tliviflf, .is thi> 

shouUl not an anioeba 

i^row and grow indc- rlic/cll can ohtam root! e 

9 .. s -.1 . 1* • 1 divtsiofi of cells nroiecil all I 

linitfd}^ without divid- 
ing ? The whole face of life would be 


ONJil OF THE WONDERS OF LIFE 
All cells must (liviilf, .is this is dniiig. The ccir.s surface is 


more surface — the surface of two new cells 
put together — through which to feed and 
ventilate the life of the same quantity of 
living matter. That is why all cells must 
divide, and why no cells ever grow beyond 
a very tiny size. The consequences of this 
simple fact are gigantic, for from cell-division 
proceed all the variety and all the progress 
of the living world. 

Lastly, we must note 
that no jccll lives in- 
definitely. If it be an 
amoeba or a microbe, 
and even if it escape 
poisoning or starvation 
or other accident, such 
as all forms of life may 
NDERs OF LIFE encouiitcr and succumb 
thdiig. The cell s surface Is to, tlic time comcs wheti 


mouth,” so that the tlivisiuii of the cell, and f/te if ■n'tiicf /ir cfoi'i 

/irm, are the only way in which mUSl OF biup 


ervaiion o/ more surface area, are the only way in which . 

grow and grow indc- the cell can obtain food enough as it grows. From this grOWlIlg. To StOp grOW’- 
V -.1 'xi X 1* • 1 divisiofi of cells nroiecd all the variety .ami progress of life • ^ 

limtfd}^ without divid- ^ i b mg 

ing ? The whole face of life would be another, is to die. The cell obeys the law of 

different if this were so; and we seek a life, which is to make more life ; and rather 

reason for this elaborate, difficult, and than die of arrested growth and over-mitri- 


(langeroiis business which the amoeba, and 
cells of life of every kind and shape, under- 
take when one would think that, if they 
grow, they might as well just grow bigger. 

Tlie answer is that cells cannot affonl to 
grow too big. 'I'lic biggest cell-bodies we 
know not counting such protrusions as 
nerves are very tiny. Herbert Spencer 
was the first to show the reason. The bigger 
a cell grows, the more stuff is there in it, in 
proportion to its surface. A small marble, 
similarly, lias much more surface in pro- 
j)ortion to its weight than a big marble. 
Therefore the time comes when the cell has 


tion it divides. In so doing, it in a sense 
ceases to exist. Nothing has died exactly, for 
there is no corpse. Hut the amceba that was 
is not any longer. In its place there are two 
others whicli have grown from its halves. 

As for the cells of those plants and 
animals which consist of more than one cell, 
they die also. It is literally true that many 
cells of our bodies die every day, and the 
body as a whole will die Too. Before doing 
so it may have renewed its life in its own 
wonderful way, just as the amceba, before 
losing its own individual existence, renewed 
its life. Hut the fact of death remains; and 


too much living matter in it for its surface our science of life ^will be very crude and 

to feed. Its surface is, let us say, its mouth, useless unless wc can somehow explain 

and, as it grows, its mouth does not keep this fact of death. How can death, as 

l)acc with it. Let now this overgrown cell an ordained and natural fact, be reconciled 

<livide into two, and it at once gets much with this ^uniyorsal striving towards life? 



THE EARLIEST FORMS OF LIFE OF WHICH RECORDS EXIST TO-DAY 
I his picture shows us the kiml of .'iniin.*il» that lived millions of years liuforc the great coal-forests covered England. At that time -the 
"•Hers covered the greater part of the earth, and were inhabited by trilobites and the ancestors of corals, cuttle-fishes, and .sponges. 
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GROUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH- CHAPTER S 


WHAT THE SOIL IS MADE OF 

The Qualities and Forces for* ever Working Under 
our Feet to Sustain the Life of a Garden 

THE THINGS THAT MAKE THE EARTH FERTILE 


W E have now arrived at the point when we 
have realised that the earth on which 
we walk and play and build, and into w^hich 
we penetrate in order to extract vast hordes 
of mineral wealth, is not to be regarded as a 
'* lifeless clod,” but rather as a mass of 
matter teeming with myriad forms of living 
things. We have, moreover, realised that 
tlie struggle for existence which results in the 
survival of the fittest, so far from being 
limited to what goes on above the surface 
«)f the earth, is in reality just as keen and 
remorseless underground; in fact, it would 
be most true to say that the real struggle for 
existence in animate nature begins in the 
soil, which we have already come to regard 
as a battlefield where opposing forces are 
for ever at war. 

Having considered the origin and history 
r)f this soil, and the manner of its formation, 
and in particular having realised that it is 
being constantly made and reproduced day 
by day, year by year, and from age to age, 
the next question arising is : What is the soil 
made of ? To this question we must now 
turn our attention. It is obviously im- 
possible to deal in great detail with all the 
processes and constituents which render the 
soil a source of nutriment for plant life, but 
it is necessary that we should study these 
aspects of our subject as far as possible. 
We must endeavour to realise at once that 
the soil is in very truth the beginning of all 
things in this world. From it, directly or 
indirectly, come all forms of life ; and on its 
internal, chemical, and biological processes 
depend the existence and the production of 
almost everything that we know. 

I-et us be clear as to our terms. Originally 
the soil is simply the product of rocks of 
various kinds, which, by the varied pro- 
cesses of ” weathering,” have been reduced 
to a more or less fine state of sub-division ; 
and its exact nature, therefore, to a great 


extent depends upon the nature of the 
geographical formation from which it is de- 
rived. This decay of the rock crust of the 
earth at the hands of the weather produces 
what is sometimes called waste, and this 
waste is the forerunner of the soil. The 
process of weathering and the production of 
the waste is continuous, and goes on for 
ever ; and it may therefore be asked how it is 
that all parts of the earth are not covered 
with this production, why it is accumulated 
in some places more than in others, and why 
it is in some places entirely absent. 

It is, of course, a commonplace of ob- 
servation that there are vast areas of bare 
rocks and barren mountains on which there 
is no soil at all. Tlfe explanation of 
this occurrence is to be found in the fact 
that the waste is removed after it is 
loosened, principally by the action of water. 
The waste has been removed to form 
soil which has gone elsewhere. Where it is 
formed upon a slope, it will be readily 
understood that the smaller particles on the 
surface are moved lower down with every 
drop of water trickling along the surface. 
The more potent fhc force of water thus 
acting, the faster and more complete will 
be the removal of the soil particles ; and in 
addition to this the whole mass of loosened 
waste moves slowly downwards in obedience 
to the law of gravity, descending with greater 
speed on the surface, and more slowly 
underneath. 

Besides Ihis direct action of water in thus 
washing away the soil, such conditions as 
changes of temperature, dryness and damp- 
ness, frost and snow, all aid the movement 
downward; and still other forces with a 
similar tendency are the growth and decay 
of the roots of plants and the action of earth- 
worms, ants, and other burrowing animals, 
bringing to the surface small particles 
which are readily removed. All these force i 
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act more powerfully on the top ; and it is for 
this reason that the superficial part of 
the waste moves faster than that under- 
neath. Finally, it need hardly be said that 
the steeper the slopes upon which these 
changes take place, the faster is the removal 
of the waste to the low land beneath. 

It is, of course, as the result of the com- 
i)ination of all these forces that we find the 
fertile valley and plain lying at the foot of 
mountain ranges ; and this also explains 
why the soil finest in texture is to be found 
near the surface, a fact of the very greatest 
advantage to many plants, though un- 
favourable to certain kinds of trees. 

Why we May Find Good Farina and Bad 
Farms Side by Side 

We may say that soils can be divided 
iiito two classes — namely, local, and those 
which have been transported, the local kind 
consisting of the waste still remaining upon 
the surface of the rocks from which it has 
been produced, the other being soil which, 
by one or many of these forces, has been 
carrietl -from its source of origin. Hence it 
is that local soils vary so much in their 
character and fertility. 

It is in consequence of this, also, that we 
may thus constantly see a remarkable differ- 
ence in the value .of the land on two ad- 
jacent farms, one of which may be situated 
on rocks which give a valuable soil, and the 
other on rocks giving a poor one ; or one 
being on the right and the other on the 
wrong side of the valley. The valuable 
soils of our meadows ami valleys obtain 
their fertility from the fact that they contain 
a much greater variety of constituents than 
ir> found in local soils, these local soils being 
more restricted in the variety of plants for 
which they are suitable. 

The Precious Things that Water Washes 
Down the Sides of the Hills 

The form taken by waste swept down 
by streams depends very largely upon 
the kind of stream concerned.. If a moun- 
tain torrent receives a great quantity of 
coarse waste from a valley with steep 
sides, a great deal of it is carried into the 
valley itself, and it does not reach the 
main river into which the stream ultimately 
flows. The* ultimate result of such a 
deposit is the formation of a mass of soil in 
a. lorm somewhat resembling a cone, which 
spreads from the mouth of th.e ravine .into 
the wider main valley below. Such a forma- 
tion is known as an alluvial fan. Many. 
Dther forms of the ultimate disposition ot this 
soil also occur, chiefly due to the behaviour 
3f the strearifi which carries the waste. 
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The constitution of the soil presents, 
therefore, infinite variation. There is a 
continuous chain of stages of transition 
from the rock to what we may term the 
finished product. Very well marked links 
in this chain arc what we know as loam, 
sand, and gravel. It must be remembered 
that the rocks thus decomposed vary im- 
mensely in the mineral . salts which thov 
contain, and, in addition, there is great 
variation in the amount of decaying animal 
and vegetable matter which finds its way 
into the soil. Most important, too, is llu* 
variation in the capacity of different soils 
to absorb, to hold, and to give up the water 
in them. 

As notable examples of these variations 
we need only instance the sand on the bank 
of a mountain stream, which is largeh' 
composed of quartz, with that on the sea- 
shore, which is calcareous in origin and 
impregnated with salt ; or we may compare 
the granite bed of a desert, with its utter 
absence of soil, with loam, where there has 
been for many centuries an intermixtun^ 
with decaying vegetation. But, no matter 
what these differences may be, the soil 
becomes a source of nourishment for plant 
life only when its interstices are filled with 
water during the time wlien the plant is 
manufacturing its organic constituents. 

The Water that Permeates the Earth, Breaks 
up Rocks, aad Fertilises the Soil 

•To meet this demand we have a multitude 
of streams entering lakes, and rivers reach- 
ing the sea, thus supplying the atmosphere' 
with water in the form of vapour, ultimately 
becoming snow, or rain, or dew. On to tin' 
dry and barren land it falls, and into tlu' 
porous earth it permeates, filling up every 
nook and cranny. Its ultimate descent is 
here and there impeded by coming into 
contact with an impervious layer of rock, 
on the surface of which the water spreads 
out from side to side, or is driven up again, 
emerging as a spring. Moreover, the earth 
itself, which contains large quantities of 
decaying vegetable matter, is capable of 
absorbing vapour from the atmosphere, and 
also of producing carbonic and nitric 
acids, because these important constituents 
are derived frpm the decay of dead plants 
themselves. Thus, the water iq the soil 
rendered acid, and is enabled to cause 
decomposition in the rocks which it en- 
counters as it traverses the ground. 

From this process is produced many of 
the most important substances found in 
the soil. Thus, felspar is decomposed b> 
acid water, the alkalies of the felspars 
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nitric 

other 



(Dinbining with carbonic acid and 
acid and forming Sfiluble salts, 
substances remain- 
ing behind as clay. 

Iron also is in this 
way converted into 
soluble salts. Other 
materials which 
offer great resist- 
ance to this decom- 
position, such* as 
mica and quartz, 
remain unchanged 
in the form of 
glittering scales 
wliich we find 
mixed with the 
clay. But even 
these, in time, are 
decomposed by the 
water containing 
acids. 

The total result 
of all these chemical oj)erations is a soil 
which, though varying somewhat, according 
to the nature of the 
rock from which it was 
derived, contains a 
certain amount of cla\% 
sand, or mica, and 
differs in colour, 
according to the injii 
com poun ds con t ai n e( 1 
within it. If a detailed 
chemical analysis of 
such soils be made, with 
a view to ascertaining 
wliat substances they 
contain that are of 
sj)ecial value to plants, 
we find the following: 
potash, soda, lime, magnesia. 


ONCK-LIVINO THINGS WHICH H?:LP TO MARK A GARDEN 
'I'licsc arc the rreutures, once alive in the sea, which make up chalk, one nf 
tlic most precious foumlatiuiis a i;ar(len can have, pruviditiK the elements 
needed hy the bacteria upon which the enith's fertility depends. 



Next to these, limestone andtlolomito are the 
most abundant, and these consist mainly of 

lime and carbonate 
of magnesium, al- 
ways, however, 
containing a mix- 
ture of alumina, 
silicic acid, ferrous 
oxide, manganese, 
and traces of 
alkalies, combined 
with acids. Much 
of the carbonate 
of magnesium, and 
some of the other 
elements, is slowly 
dissolved by the 
acidulated water, 
and the remains 
of this process con- 
sist of a loamy 
mass, which differs 
in colour according 
to the iron it contains, but is very like the 
clay formed from felspar. The important 
]H)int in this connection 
is that, on a chemical 
anaysis of this loam 
being made, we find 
that the same con- 
stituents arc jjresent as 
are found, say, in soil 
produced from the 
silicates. In other 
words, the qualitative 
analysis of soil derived 
from different sources 
proves that the ele- 
ments necessary for 


TllJi WONDER OF A COMMON THING 
'J'his is a microst'opic photo>;raph of ihc faiiiilinr Triiwli powder 
used for polishing. Il is made up of tiny pl.'ints which have the 
power of exiraciiiij; flint from se.'i-water and weaving il into its 
own fahric:. As it accumulates in the bed of the sea, it ultimate.lyy nUtrition ol iblantS 

comes into the soil, and is a valuable factor ill promoting fertility. ^ 

are present in all cases, 
alumina. The difference in these soils consists in the 


oxides, manganese, 


relative proportions of the elements present ; 
.... . ^ ^ ^ ^ it is in quantity, 

■ /I*” •'J* ■ '-1 

w 


ferrous and feme 
chlorine, sulphuric 
iieid, phosphoric 
Hcid, silica, and car- 
bonic acid. These 
occur in greater or 
less proportion, 
alfing with minute 
traces of many 
other substances. 

The greater mass 
of the rocks which 
enter into the for- 
mation of the solid 
crust of our earth 

belnnrr ♦ ^ m Wtm . ^ «L . ■ 

ctung to me group the grains of sand which good soil needs 

flints (or sili- From the roughness and shape of these grains of sand, much niagnilicd, it 
Cates^ anri “ easy to understand how sand breaks up soil and encourages percolation, 

anCL quartz. with a somewhat free adniisdon of both air and warmtn. 






and not in quality 
So far we have 
considered mainlx 
the action of the 
water containing 
acids as a great 
agent in producing 
soils, but in addi- 
tion to this factor 
it is important to 
remember that 
changes of tern 
perature play a 
part, especially in 
connection with 
the freezing of 
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vatcr in tho interstices of the rocks. The 
ncrc m(?chanical action of water also assists; 
ind tlie. dead roots ot plants, becoming 
nixed with the decomposition of the rocks. 
:hus add their com]'>onent parts. The sum 
lolal of the product of all these varied and 
:omi)licated changes is what we call soil or 
nould, or simply earth. The sj^ecial part 
)f that Si)il which is formed by the decay 
)f dead plants, which gives rise to a brown 
)r black mass, is known as “ humus,” a 
very important constituent of soil from the 
point of view of vegetation. Soil which 
contains a large (piantity of humus is fre- 
quently spoken ol as vegetable mould. 

All kinds of soil, but especially those 
which contain much 
day (jr humus, hold 
within them gases as 
well as water and .salts, 
riic water in this soil 
is retained there in 
virtue of its prop('rt\’ 
t)f adhesion to the 
[)articles of earth. So, 
too, the salts an* 
regained in similar 

manner. If we ex- 

imi nc wat('r at the 
:l(‘('pest level of the 
soil it is found that it 
::ontains much less 

salts in sidution than 
wat(‘r iK’ar the surface, 
showing that the salts 
are absorbed as tlu' 
water i)enetrates down. 

From the jioint ol 
view of I'lant life, the 
nature and comjMisi- 
tion of the surlace soil 
is <d paramount im- 
portance. In order 
that this surface soil 
should be easily 
cultivated, it is necessary that air and water 
should be able to ])enetrate into it with 
ease. For this reason, clay, which is 
impervious to both of these, is particularly 
imsuited for agricultural purposes. It is 
also important, however, that 'the air and 
water, having gained an entrance, should 
l)e held in the soil for such a period as will 
enable them to do their work. So it is 
that sandy soil is also unsuitable, although 
For an exactly opposite rtason — it is too 
porous. Lava in its fresh stale is absolutely* 
unfertile, but after It has become exposed 
For a time to the piocess of weathering, 
plant life begins to make its appearance in 
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it, and as time goes on this jdant life grows. 
When the lava becomes thoroughly dis- 
integrated, it produces an extremely fertile 
medium. This is extremely well seen on 
the slopes of Mount Vesuvius, which are 
barren of vegetation almost to the ver> 
base, while the district of Campania sur- 
rounding them is extremely fertile. 

The soil which is formed as a result of 
a clearance of forests, where there has 
been a vast production of vegetable mould, 
is very rich. Such soil is often spoken ol 
as virgin soil; and it is this which gives tlu‘ 
pioneer in Canada and New Zealand, and 
other parts of the Empire, the amaiiing 
crops with which we are all familiar. 

Soils of an alluvial 
nature become terlilr 
once they have passed 
through the stage ol 
swamp or bog. Some 
very fertile soils havt* 
been deposited as such 
by the action of llie 
wind, an example ol 
which is seen in 
Northern China, wliere 
soil has l)een carried b\' 
the wijid from the 
deserts of Central .'\sia. 
Other soils, thoiigli 
not fertile themselvts. 
will contain extrenu'lx 
important elements, an 
example of which is to 
be seen in the nitrate 
deposits of Chili. Thi> 
nitrate deposit is widely 
used as a fertiliser, 
being added to soils 
which are delicient in 
nitrogen. 

The depth of a fertile 
soil varies extrcmcK. 
On a chalky down, for 
example, it may be as little as three or four 
inches ; in other situations it may be as 
much as fourteen or fifteen inches. 

The most perfect soil, from the point ol 
view of the agriculturist, is one which 
broken up into fine particles, and consist^ 
of nearly equal parts of clay, sand, chalk 
and vegetable mould rich in humus. A 
good soil contains from 50 to 60 per cent 
of sand, and from 25 to 30 per cent, of 
clay, with from 7 to 10 per cent, of lime 
stone or chalk. Sand, clay, and huniu- 
make up about 90 per cent, of an ordinarv 
fertile soil. The colour variation in soil 
largely due to the presence of iron compouiKb 



now LAVA BRKAKS U|* SO THAT Lll'li MAY 
GROW IN IT 


This is a photopraph of a piece of lava umler ihc inierosrope, 
dearly showing how life m.-xy find .a home in it after disinlcgraliun. 


.IFE FROM THE CINDERS OF VESUVIUS 



krtility of the eiiith is one of the ronstaiit wonders of *N.'inre ; iiutlhiii; seem.s to he heyoiul 
tlif reach of Life. The lower picture on this page shows a stream of lava from Wsuviiis. 1 he 
huuirc at the top shows how, after years of disintegration by sim and wind and water, these 
f Mulers, thrown up red-hot from the molten furnace inside the earth, become fertile as a garden. 

IT oRf. 
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Other minerals also play a part in this, but 
it is the oxide of iron which imparts to the 
soil its reddish tint. 

The consistency of tlie soil — its mechani- 
cal texture varies because of the difference 
in the rocks from winch it comes. A 
heavy soil is one composed chieHy of clay ; 
and when this clay is very near the surface 
the soil is called “ cold.” Any soil with 
50 per cent, or more of clay is regarded as 
a clay soil. Loam contains from 25 to 
30 per cent, of clay, and is a favourite 
varietv. A loamv day, or a clav loam, is 


with plant life. Among these, especial! v 
important are carbon, oxygen, nitrogen, 
hydrogen, sulphiir, phosphorus, potassium, 
calcium, magnesium, sodium, and iron. All 
of these are absolutely essential ; and should 
any of them become absent in any soil, 
they must be renewed, by artificial means 
or otherwise. This is especially true of nitro- 
gen, potassium, phosphorus, and calcium, 
but of all these elements the most important 
is carbon, inasmuch as it is the prineijnd 
constituent of the plants themsclvjes. It 
can now be readilv understood that diff( r- 


made up of proportions 
between these two, and 
has a clay subsoil. A 
.-andy soil, to be suit- 
able for cultivaticni. 
must contain less lljan 
10 per cent, of clay, and 
a sandy loam less than 
.25 per cent. Soils 
which are sui)er- 
imi)osed on limestoiu* 
or chalk are regardeil as 
calcareous soils should 
I hey contain over 20 
per cent, of either 
limestone or chalk. 

P'or the varied ])ur- 
poses of soil, the four 
uhstances of clay, 
sand, chalk, and Iniinus 
an* essential. Tlu' 
p()W(T to retain mois- 
ture is jnovided by the 
clay, which also gives 
acertain tenacity to the 
soil. The saiuly element 
('iicoii rages percolation, 
easy breaking up, and 
a somewhat fn'(' ail- 
mission ot both air and 
warmth . Tin' chalk . (U' 
limestone, adds impor- 
tant nutritive (piali- 
tics, and acts as a 



T.IL CI-eSK LWF.KS OF TJIF KARTll 
A i)holi>i;r:iph in .'i ^r.'ivcl-pit slu)wiii<; tlie thin iiliii of fcrtili: 
r.irlli, n,'stiii4 on j^ravel — of which the upper part is weathered — 
and ultimately on cla)'. 


ent soils have extremeh 
different values anil 
importance for jnir- 
poscs of plant life. 
Most people know that 
natural vegetation in 
any locality is found 
to vary according to 
the nature of the soil. 
Thus, sand is useless for 
growing crops, on 
acccuint of its being 
e X t r e m e 1 y porous, 
which renders it unable 
to retain water, and it 
is, moreover, very lark- 
ing in organic matli'r 
for plant food, while 
under the action ol a 
powerful sun it als( 
becomes too hot. Sand 
is exactly the opposih* 
of clay, which is 
tenacious, holding hot li 
water and air, and 
therefore becoming C( )ld 
in wet weather and 
baking hard in hot 
times. These two soils 
are examples of 
extreme variations, 

the clay requiriuK 
sand and humus to 
loosen its texture, the 


neutraliser of acidity and an aid in decom- sand requiring humus and clay to make; d 
position and nitrilication. Tlie humus is workable. 

very valuable for many leasous. It assists Modern science, therefore, has shown that 
soil to kcej) moist, and from its own decom- it is of primary importance for the cultivator 
j)ositioa promotes warmth and carbonic to be able to* ascertain what constituents 


acid, which, when dissolved, enables salts to 
be carried to the roots of plants. Moreover, 
the decomposition of hunnis provides 
ammonia, which is intimately connected 
with the supply of nitrogen to the plant. ' 
It thus appears that of the actual chemical 
elements known to science there are at least 
fifteen which have very close relationships 


are present in any kind of soil he proposes 
to utilise, and particularly in what pi*’- 
portion they are there. With this know- 
ledge he can counteract any excess of one 
constituent, whether sand, clay, chalk, 01 
peat, by adding to it the material lackin^j- 
and by doing this in such a way and in such 
quantity as to produce a fertile loam. 


■>rm 



t ilief ihin^s essential to a good soil are sand, clay, chalk, and vegetable mould, or liuiiius. The 
^nd, as seen from the magnified sand grains in this page, is porous and encourages the permeation of 
‘‘ler and air ; the clay retains moisture and gives tenacity to the soil ; the chalk has valual)Ie qualities 
1 aiirifying the soil and in other ways ; and the decay of the mould promotes and provides ammonia 
and other valuable elements for the development of plant life. 
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GROUP 5 -ANIMAL LIFE THE STORY OF MAN'S ANCESTORS AND ALLIES- CHAPTER 3 


EVOLUTION BEFORE OUR EYES 

The Way in Which the Life of the Animal King- 
dom now Helps to Solve the Mystery of the Past 

LIVING CREATURES ON THE BORDER-LINE 


'T'he naturalist is a highly scientific clctec- 
^ tive. The mystery which he essays to 
unravel is the story of animate creation, a 
profound and fascinating scheme. He must 
1)0 able not only to detect the difference 
between a deer and an antelope, but to 
locogiiise at once the characteristics which 
se parate both froTU other families ; and 
must be able, further, to trace tlie features 
by which all animals arc related in the 
scheme of life. The casual observer would 
set down newt and salamander as reptiles, 
and the whale as a fish, though the tyro 
in Zoology knows that the first two arc 
amphibia and the third a mammal. 

Not froTTi motives of pedantry are the 
distinctions made; the distinctions arc 
jM'iceless guides to the scheme of things 
that the naturalist has to study, lie must 
know things as they are individually, how 
they are related one tc? another, how they, 
came to the form and characteristics by 
^^■llich we know them. External evidences 
an; not enough for him. The zoologist must 
have the aid of the comparative anatomist 
to tell him how animals, greatly differing 
ill aj)pearance, agree well enough in vital 
structural detail to be classed in the same 
or(l(;r. To trace the story of the dev^elop- 
iiRTit of a ‘species our detective must have 
the assistance of the embryologist, for the 
magic of past history is revealed in the pre- 
natal stages as by no other method known 
to science. 

Lastly, there is the testimony of the rocks, 
brought to light by the palaeontologist, the 
student of the fossil remains of wdiat, mil- 
lions of years ago, w'cre animals. These tell 
^is what the ancestors of existing types 
\Nyre like. There we see how new species, 
diverging from the original stock, grew up ; 
^tid the embryo of existing repre.sentatives 
fiiakes plain to us much of the detail of the 
^b»ry. The naturalist works on from clue to 


clue until finally he is able to present the 
whole enthralling romance of the pageant 
of life. Casting round, in the light of know- 
ledge gleaned by way of these channels, he 
is able to trace the age-old progress of evo- 
lution to its newest chapter, now unfolding 
before our eyes. He can trace life down 
many a blinci alley, flash a light upon crea- 
tures wdiich have missed their way, so to 
speak, or have s])ecialised too much and 
become freaks. 

Some of these creatures remain, as milt;- 
stones, marking the way along which the 
great currents of life have surged. Tattle 
columns of limestone mark the measured mile 
in the ('lyde over which battleships and 
ocean liners run their trials. These mile- 
posts are the fossilised remains of billions of 
living creatures of the sea. ('hanged to stone, 
they serve to ])oint the course of mechanical 
monsters of newer deeps. And some such 
}>urj)ose in Nature is served by grouj)s of 
curious creatures at which wu may now' 
glance. Scientific classification is, of course, 
ilisregarded here ; the animals chosen arc 
those w'hich may be considered, in some sort, 
steps — though not, of course, successive 
steps —in the scheme of living things. 

We may begin with the tunicate and the 
lamprey. Here arc two of Nature’s children 
which have obstinately refused, or neglected, 
to grow up. The lamprey is not a fish, 
though it lives in sea and river ; it has 
neither fins, nor scales, nor jaws, though its 
sucker-mouth and tongue have teeth. It 
set out to be a vertebrate —a backboned 
animal — and the primal impulse still animates 
the embryo and the free-swimming young. 
But the promised backbone never arrives, 
and the lamprey, like the hideous hagfish, 
remains low'er than the true fishes, if higher 
than the w'orms. 

The tunicate is a still more glaring instance 
of good intentions unrealised. The adult 


THIS GROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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is invested in a sort of tunic, from which 
it takes its name. The young tunicate starts 
life fairly well, with a notochord and a sup- 
porting rod in the tail. Now, the notochord 
is simply a fibro-cellular cord or rod found 
in the embryo of all backboned creatures 
from man to mouse, and it is replaced 
in the perfect form by the spinal column. 
Equipped with this physical good intention, 
the young tunicate begins its career a free- 
swimming, active little animal, alert and 
industrious as a tadpole, with every prospect 
of attaining to the dignity of a backbone. 

The Little Micawber for Whom Nothing 
Ever Turns Up 

The tunicate proves, however, to be a 
Micawber for whom “ something ” never 
turns up. • Tl eats and sw’ims and busies 
itself with futile assiduity. Inherited inertia 
supervenes ; the nervous system degenerates ; 
the tail is absorbed, the eye. disai)pears, the 
notochord breaks its promise, or proves 
barren ; and the creature, in its adult form, 
anchors itself at a convenient place, and 
throws about itself a cloak whose texture 
resembles the cellulose of which the walls 
of ])lant cells are composed. The promise 
of the higher life is forgotten, and a hope- 
less animal of the lowest type, comprising 
both sexes within the one frame, remains 
as a finger-post to the past days when 
Nature was evolving her types. 

We find greater wonders in another order 
low on the ladder of life — in the jelly-fishes. 
Here, in the mcdusje, for example, wc have 
a creature compounded almost entirely of 
sea- water, but so combined as almost to 
pass man’s compreljcnsion. This mass of 
water, confined in a sort of web, makes up 
an animal with appetite and passions, with 
power to inflict injury, to capture and con- 
sume its prey. It is equipped with that gift 
of light which enables it to turn the seas on 
summer nights apparently to liquid silver. 

The Creature Chiefly Made of Water, with 
Children Unlike Itself 

This jelly-fish gives birth to young entirely 
unlike itself. The young retain their 
first form throughout life, but give birth 
to offspring with the form of their grand- 
parerits. From the jelly-fish proceeds young 
in no way resembling itself, and from these 
issue jelly-fish. And this creature, about 
W'hose life-story these won(lprs congregate, 
is chiefly sea- water. Fron; a specimen 
weighing four or five pounds there remains, 
after evaporation, only a film of solid 
weighing four or five grains. 

A Scottish audience, before whom a 
learned professor was lecturing on this sub- 


ject, contained a thoughtful farmer whosi* 
land lay upon the coast. “Is it true,’ 
he privately asked the lecturer at the close - 
“is it really true that these jelly-fish air 
chiefly water ? “ He was assured that sue I 
is the case. “ Well,’* he said, “ I have been 
employing men and horses to cart tons oi 
them from the coast as manure for my land.” 
He was not consoled when assured that in 
a ton-weight of newly gathered medusa 
there would remain but four pounds ol solid 
matter after the water- had evaporated. 

Some steps higher in the scale we meet a 
function more surprising than the stinging; 
power of the jelly-fish — the genuine electric 
discharge of the electric fishes, the electric 
cel, the cat-fish, and the electric ray, or 
torpedo. The early creatures of the s<'a 
probably knew all about the hurttiil 
qualities of the stinging jelly-fish ; and it 
was probably very early in the story ol 
civilisation that man discovered that, though 
a healthy discharge from an electric I'.cl 
sufficed to stun him, the same dis- 
charge, carefully used, possessed curati\u 
pro])erties for certain human ailments. 

The Electric Fishes which Light Up the 
Seas With Unmatched Splendour 

These fishes were the earliest electric 
machines used by man. The light-giving^ 
jelly-fish emits a phosphorescent fluid from 
its tentacles ; the electric fish has its batteries 
iji modified muscles. The great armound 
fishes arc dead and ended, but the elc;ctii( 
fish, with its smooth and slimy coat, llourislics 
in salt water and fresh, and the jelly-lish. 
synonym for all that is impotent and futile, 
still peoples the seas in unthinkable million'^, 
and illumines it with unmatched splendour. 

We trace a distinct advance toward tlie 
higher life when wc reach the lung fishes. 
These, restricted to Australia, to Wosl 
and Tropical Africa, and to the Arna/oii 
region in South America, must flearly 
been a sort of trial-trip in the direction 
of life beyond the waters. These fislics 
learned to use the swim-bladder as a liin^. 
It was good so far as it went, but it dul 
not go far enough. It did not take tho 
fish out of the water, or at any rate it did 
take out all that developed in this direction. 
For we have the true lung fish to-day, as 
have had it ever since Permian times. 1 hc" 
device serves to keep the lung fish 
when the river in which it lives dries up, h * 
when drought has come and water gone tl ic 
fish curls up in the mud, and sleeps till 
better and wetter days return. The cliuil’' 
ing i^rch, without developing a lung-hl'^^j 
organ, has mastered the secret of dry-kmu 
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v.ivcl, but this IS by means of an atlap- 
ive trick enabling him to keep his gills 
\t*ll moistened while he scuffles along 
)ii liis fins over the dusty road tliat 
r;i(]s from an evaporated 
xiiid to one which still holds 
viiler. The climbing perch 
> not so true an air-breather 
the lung fish, but he is lo 
u* had in remembrance, as, 

\ ith his rival, he suggests I he 
ncans by which the fust 
imphibians survived, when 
()\\ tide first left them, high 
Liid horrified, upon dry land. 

It is specially interesting 
hat we should have these 
\\i) fishes, as well as repri'- 
.('Htatives of primitive ain- 
)hibians and reptiles, still 
vith us. The amphibians. 

Ii(‘ animals born in water 
vhich come ashore to live, 
irc among the most detested 
)1 living creatures, yet they 
\\v among the most interest - 
Here we have the 
lescendants of the first 
)ackboned animals with 
lands and feet, fingers and 
oes. From such creatures 
IS ilicse grew the gigantic 
linosanrs and the monsters o 
nul the waters of the early world. 

Truly the history of the ages is mar- 
ri'llously told in the natural history of the 
Irog or the toad. 

From the tiny 
emerges the 
little sable 
Mieak of life 
ith w i d e - 
spreading gills 
liuiuing in* the 
waters, and the 
tiny tadpole 
^wi.nis with 
‘ihsurd activity 
nhout its petty 
Inisiiiess with 
tlie very action 
nt an industrious 
niinnow. Only 
^ 1^ c practised 



A J*'L V 1 \0 O I ‘OSS l ’ M 
'J li«.- «*i i.>f llii-' liiili 

•“ stjuiir«*l ’’ is liii>.ul, r\ 

fl'oiti tilt* llio'^l toe ol tiu’ flit I 

fi)tn to the ankle of the hind foot. 


f the marshes 



* >e can tell the 


AN ANIMAL WHOSE J’ABTTS HAVE CHANGED ITS STRUCTURE 
The great ant-eater of South America, .n living relative of the giant sloth, is a 
remarkable example of adaptation to cirrumstaiiccs. Living on ants, Uiis com- 
paratively huge animal has lost all traces of teeth, and has the tiniest hole 
for a mouth at the end of its elongated skull. 


> oung tadpole of 
a Irog from the toad or the newt, so closely 
docs each resemble the other. As the tad- 
pole waxes, as his little hind legs appear 
^ntl his forelegs follow, as his gills disappear. 


and finally the real frog’s jaws take the 
place of the lani]n'ey-like mouth, we see 
clearly how Nature has worked her way 
through the scale, of j^rogress to give us 
this curious two-legged, two- 
handed amphil)ian. 

And we wonder, in the 
sjwing. what conrting-time 
must have been like in the 
days before man. The 
frog, so placiil and retiring 
in the warm days of sum- 
mer, when most of ns are 
out upon Nature prowls, is 
in spring the very embodi- 
nuTit of ardour and activity. 
He is a changed beast uiuler 
the intlnence of the repro- 
ductive instinct. Ilis voice 
is terrific, his throat is 
enlarged, and its colouring 
altered, so that whereas 
onlinarih' it differs hut 
slight 1\' from the tone of 
the rest of the under siile 
of I lie hotly, now it is livitl. 
'Mie timid beast hassiuldenly 
become invincibly bold ; he 
swims with amusing viva- 
('iiy, resll(‘ss, consumed with 
jiassion : night and day he 
is at boiling-jioirit. It the 
old-timt‘ giants of the ( lass to which he 
btilongs were pn)p()rtif)nalely ardent when 
they wooed, witli what cx’clonie lovtanaking 
the j)rimeval marshes must have resounded ! 

The newt, the 
salamandiT', the 
frog, and the 
load remain to 
remind ns by 
their life stories 
o f a 11 i m a 1 s 
w h i c h w ere 
among those 
first thrust 
ashore. A still 
m o r e notable 
signature by the 
hand of Time is 
written for us, 
however, ih the 
anatomy of tlie 
sphenoclon of 
New Zealand, a 
reptile neithcr 
li^ard, nor crocodile, nor (tortoise, but 
having links with each. Its head suggests 
both tortoise and crocodile ; so do certain 
of its ribs. In other respects it is clearly an 
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THE COLLARICD FRUIT-BAT NESTLING ITS YOUNG AS IT HANGS FROM THE BOUGH OF A TRM- 
The bat spends most of its life, when not Hying, hanging by its thumb from a tree. Of all the many wa>s 
in which animals have sought escape from their enemies, that of the bat is, perhaps, the most reniarkabl‘*, 
for the bats, alone among mammals, have converted their hands into wings, and. without feathei". 
mastered true flight. They were insectivon;s, of which moles and hedgehogs are typical examples lo-da> . 




nil TWO-TOED SLOTHS OF SOUTH AMERICA, WHICH ROLL UP LIKE A BALL AS THEY HANG FROM A TREE 

sloths, when moving or feeding,- hang, back downwards, suspended by their hook-like feet and hands, 
'^e uncouth creatures move from bough to Ix^ugh in a lazy, cautious manner, and when sleeping 
y roll themselves up into a ball* resembling the lichen-clad knots of the trees they inhabit. Like the 
who also see the wt^rld n.ostly as they hang upside down, the slotlis are ajuiiuils of the night. 
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anticipation of the earliest birds, and of 
the lowest of the mammals. One of the 
earliest of reptiles, it has lagged in a 
backw’ater of life through unnumbered 
aions, while from the family of which it 
is the sole survivor there emerged many 
important orders totally unlike the original 
type. 

The sphenodon is our oldest “ living 
fossil/’ ])reserving for us characteristics 
which have remained through millions of 
years unchanged. Not the least interesting 
of its features is the pineal e 3 'C, which in 
this reptile is more clearly seen tlian in any 
other existing animal. Every vertebrate 


separately created. Vestiges of organs 
which had become useless were ternud 
rudiments, the beginnings of organs whi( h 
would become useful in time. 

Quite unconsciously the zoologists of tin* 
))eriod were admitting the possibilities ut 
evolution, but they were looking at tin 
matter from the wrong end of the tclescoju-. 
Examining, say, the two egg-laying mam- 
mals, they would find small teeth in tin 
jaws of the young duckbill, and would ha\ i 
to say : “ Here is an. extraordinary animal 
which is aiming at dentition. At present it 
lias but a beak, but some day it wall ha\c 
real teeth.” Which is, of course, exact 1\' tin 



A PAIR OF NFVVT.S AT lIOMIi THK M.M.K AND FJiMALJC OF TIIK CKliSTFD NliWT 
Livmj' 111 AA-atcr ih« lircediiij; iiravjii, ncwt.s, .is :i rule, pass tlic rest of the siiiiiiiier on land, r.ccUinjj shelter beneath stoiu ^ 'Ji'l 

roots, or in h-.;es, wherein they pass the winter asleep. The crested newt is fuLind in ilrit.iin, and feeds largely on tadpiiles. 


has the remnant of this third eye, but until 
an examination of the organ in the sphe- 
nodon made its ])urpose clear, this unused 
organ of vision was regarded by followers of 
Descartes as the ” seat of the soul.” We 
owe the true explanation' to the sphenodon. 

We call that useless e^^e which lies buried 
deep in the brain of the sphenodon a rudi- 
mentary eye. It is nothing of the sort. It is 
a remnant of an eye which, once served 
some necessary purpose. The mere use of 
the term ” rudiment in zoology is intef- 
esting. It recalls the days of Darwin’s early 
manhood, up to which time most natural- 
ists believed that all species had been 
2q8 


opposite ot the fads. The duckbill and 
spin}" ant-eater are as precious relics ainniii^ 
mammals as the sphenodon is among re])til‘‘''- 
Thev are the most primitive of mammals, 
but the changes they undergo in develop- 
ment are sovereign testimony to the fact 
that they do hot represent the original f(»rin 
of the first mammal. The^^ are descendants 
of animals wdiich had five pairs of teeth m 
each jaw'. The young platypus still lias 
teeth, but these wear dowm and finalh 
altogether, and in their place grow^ up horny 
ridges, so that the beak of the adult is 
a very good copy of that ^of the duck, 
from w'hich the animal takes its name. 
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Hut the interesting features of this animal 
lie not limited to its teeth. Its whole life 
^[oiy is enthralling as casting a light upon 
I lie past of the mainmalian class. The 
I ( male lays eggs from which the young are 
hatched, blincl, naked, and hclidess, round- 
mouthed, ready to suck the milk ejected 
tK.ni the mother’s glands. The secretion of 
the milk is effected from glands lying at the 
hasc of a little, cup-like depression. The 
platypus is fur-clad like a mole, and has 
wibbed, elawed feet suitable to its life 
ill the water and to its burrowing habits on 
land, where it makes its nest. It has many 
jioints of resemblance to extinct re])tiles. 


the young dependent from birth for susten- 
ance upon its mother. But whether we may 
safely regard the marsupial pouch as a 
rudiment or a remnant, there is reason to 
doubt. Nearly all the animals of Austral- 
asia — the home of tlie egg-laying mammals 
— are marsupial. With tlie exception of the 
duckbill and the echidna, they ])roduce 
their young alive. That may be, perhaps, 
overstating the case. The young at birth are 
hopelessly immature, mere embryos, and 
have to complete their development in the 
external pouch, attached to the teats by 
which they are automatically fed without 
any voluntary act on the part of the young. 



nil. DUCK-BILLKD I’CATYrUS HOME A MAMMAE WHOSE YOUNG AKE HORN I'KOM J.GGS 

1 Ik (luck-billed pl.'itypus and its coubiii, the echidna, both natives of Aiistiuli.i, arc iiiii(|iic as the only niuininals whose yiiunjr are 
i" iri tryin eggs. I'l'his (piaint creature liv'es in burrows with a tunnel leading into water, where it swims easily by means of its 

W'cbbcd feet. 'I'liis picture shows male and feiiiaie. 


diKl the temperature oi its blood is much 
wi‘.r than that of the average mammal, 
rite spiny ant-eater, or echidna, has a very 
l>ir(l-like mouth, but it has a long, rasping, 
t ^lindrical tongue, as have all ant-eaters, of 
^'liiclilhe echidna is one. It lays a single 
' and places it in its marsupial pouch, in 
^' liich its young, when hatched, is suckled. 
Here, in these two animals, after all the 
in which evolution has been at work, 
have suggestions of the step by \\hich 
Xdiure proceeded from the reptile to the 
iiKiniinal, from the cold-blooded to the 
''■urn. from the young batched trom the egg 
left to take care of itself from birth, to 


It was formerly believed tliat marsupials 
constituted the. ancestral type of mammals, 
but later investigations encourage the belief 
that the marsui)ial is, after all, a degenerate 
type — that it at one time gave birth to 
young as well developed as the young of the 
rest of the mammalia. The naturalist- 
detective is not able to predict discoveries 
with the same confidence as the astronomer, 
blit he is looking with high hope to the day 
when the secrets ot certain strata in Africa 
shall be laid bare. There, perhaps, the 
history of the mystery will be revealed. 

Diet is at times a fairly good guide to the 
nature and order of an animal, but it is far 
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Irom infallible. Seeing that the echidna and 
the ant-eaters of South America depend 
almost entirely upon the same form of tood, 
there might be a disposition to group them 
as belonging to 
the same order. 

As a matter of 
fact, however, 
the comparative 
anatomist com- 
pels us to recog- 
nise that that 
freakish animal 
with the huge 
claws and tlie 
long snout, the 
great ant-eater, 
has the sloths as i 
his nearest allies. 

To the same 
order belong t he 
pangolins and 
the armadilloes, 
t h o u g h some 
a u t h o r i t i e s 
demur to this 
classification. Differing widely as they do, 
they arc tlms groUjicd because of the 
remarkable character of their teeth. The 
distinction is not an enviable one ; the 
members of the 
order ha VC either 
no teeth at all, 
or teeth of rather 
degenerate 
structure, lack- 
ing both roots 
and enamel, and 
in none arc the 
front teeth pre- 
sent. l^ecause of 
the inethciency 
of their teeth 
they aie called 
the edentata, in- 
dicating t Ji a t 
they are de- 
prived of teeth. 

Vastly as they 
differ in form 
and habit, the 
members Of this 
group can be 
traced back, 
through various 
fossil forms, to a common ancestry — a 
striking example of the divergent courses 
taken by the brandies springing from a 
common stem. There have been monsters 
in their house, the giant sloth most re- 
aoo 


markable of all, but they arc a degenerat.* 
family. The sloths arc driven to the trees, 
the foliage of which they eat, surveying lii, 
as they hang from a branch, barely able to 

make their wa\ 
along the ground 
when necessity 
compels them lo 
quit the trees, to 
which t h (; \ 
attach them- 
selves* by hook- 
like claws. It Is 
not a little n - 
markable that 
while the tunir- 
ate puts on a 
cloak of a sort 
of vegetable 
fabric, so tlie 
sloth, hangin}^ 
gloomily in thr 
trees, develo[).sa 
e g e t a b 1 e 
growth upon jiis 
hair. A ininnti* 
alga grows luxuriantly in the cracks or 
fliitings of the coarse outer hair, so that llie 
sluggard of the niannnalian class apix'ars 
to be ])art of the tree in which he pas'-c''^ 

his melancholy 
existence. 

The result is 
a mas ter pi (‘ee 

of prolectivt' 
coloration, lor 
the sloth as- 
sumes a greenisli 
tint cxactl\ 
matching tJi‘‘ 
foliage upon 
which he siil^ 
sists. Dut it is 
the expedient <»1 
inertia ; Nature 
aj)poars not to 
he proud of tlie 
edentata. Tlie\ 
are a d y i u 
order. Most ol 
the branches ol 
the family uie 
extinct. 

For the rc'^t. 
while the sloths 
take to the trees, other members of the onler 
have been compelled to put on armour, tw 
burrow underground, to move stealtliilv 
by night ; while one, the two-clawed ant- 
eater, emulates the sloth in hanging bach- 



A RARK IVJ’KOK ANIMAL ONCK SPRKAD OVICR TIIIC WOULD 
The ( h«‘vri)tains, or iii<»as«>dccr. arc the sole Mirvivt>r.s of animals om e wich-ly 
spicad o\«.r the Old Woild. This African s>pccic.s readily dives and swims. 
I'roiii a iih«il()|;rap1> uf a lixinj; spec. iiiieii obtained by Sir Harry Johnston 



TIIK /LURA ANTJiLOPK OF LI13RRIA 
A rare deiii/eii of ha|uatorial Wc.st Africa, the zelira atiLeIo]ie, sometimes 
tailed the h.inded dri.iker, is disiin|;iiished by its striking colour, its ground 
colour being golden brown, broken by eight or nine black stripes. 

I'roiii a <lr.i\tii])> by Sir Harry Joliiistoii 
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lowiiwards from the branches of trees in 
^ liich it makes its liome. Degenerate though 
licy be, these animals are vastly interesting, 
uiything more grotesque or extraordinary 
luin the great ant-eater, living only in 
.outh America, with its tube-like mouth, 
is immense bushy tail, and its huge claws, 
oiild not well be conceived, though its 
list ant cousin of the Old World — the 
ardvark, or Cape ant-eater — with its thin, 
)ig-like snout, its worm-like tongue, its 
incouthly fcishioned body, equally deserves 
place in the long list of Nature’s freaks. 

I n a genus of a ^ , 
iglier order we 
ave one of the 
Id-time puzzks 

t]i(‘ tapirs, 
hey are to be 
:)iiiid (i) in the 
lalay Penin- 
ula, Sumatra, 
ml Ja\ a ; and 
d) in Central 

II (I S o u t h 
i in erica — in 
liesi' places, and 
low hero else, 
diis curious dis- 
ri but ion seemed 
iibstantial evi- 
Ifiice in favour 
)l the theory of 
li^tinct crea- 
ions. But the 
1 a 1 u r a 1 i s t - 
IfU'ctive has 



AN UNOAINLV BKAST OF SOUTH AFRICA 
Foiiiul in SduIIi Arii«.;i, north of the f^riinnc Rivi-r. this tiM,:^uinly .mil im-l.'iiu holy 
looking untelupe, the hrintiltrtl gnu, ur hlttc \% ihlchcesl, h.is t|iiite a ( oinii.: apjte.ir- 

api-riiigs. 


loines of the 
-xi^ling types, 
tiipirs were once 
iniong the most 

^vididy distributed of hoofed maiumals. 
1 iiey flourished in England, they inhabited 
die Arctic Circle, thus proving that the 
diniate of the Far North was once genial, 
h abundant vegetation. The ancient land 
^-oimeclions by wliicli these animals travelled 
broken down, shutting them in where 
had them. Climatic changes, variation 
d food supply, and other causes have 
^^Uliced to effect the obliteration of- the 
iH*< ies which remained in that part of 
^incrica where the tapir is ixow unknown, 
miiiy changes in animal structure have 
"<>ine about since the tapir assumed its 
form, but links have been found 


associating it with the rest of the hoofed 
mammal family, and one of its ancestors, 
the paUeot heriiim — extinct wild beast — 
tapir-like in geiunal outline, ])ossesscd 
features which foreshadowed the horse 
tribe. 

The change from warm climate to cold 
suffices to account for the tlisajDpearancc of 
the ta])ir from England, but a reversal of 
the process probai^ly niblied us »)f another 
beast as strange, the musk-ox. Here is 
the connecting-link between the sliet^p and 
cattle, but nearer iicqnainlance with tin; 

lakin, which in 
turn links the 
goats and ante- 
lopes, induces 
the belief that 
it is to this long- 
sought animal, 
of which the Zoo 
has oblaiiuMl a 
s])ecimen at 
last, that tile 
m u s k - o X has 
clos(ist alhnity. 
Be that as it 
may, the musk- 
ox is one of the 
most interesting 
exanqiles of the 
wav in wliich 
Nature arms her 
orfs])riiig for 
their battles 
wit h s ]) e c i a 1 
conditions. She 
hates w a s t e 
])laces, and sends 
to one the musk- 
ox, marvellously 
reseinbliiig the 
sliei^p in certain 
part iculars . 
highly special- 
ised for its lile upon slippery, ice-covered 
ground by the presence of gripping-hairs 
between the hoofs ; a cud-chewer, and yet 
dis])laying aHinitics to the non-ruminant. 
Only in the wildest, dreariest parts of the, 
Arctic regions is this strange compound of 
designs now to be found, yet the suptalicial 
deposits of Norfolk revxial the remains of 
the musk-o.x of our cold and distant past. 

11 diversity of design distinguishes the 
musk-ox. confusion of j)arts is still more 
yironounced in the gun. It is an antelope, 
and has the limbs proper to an antelope. 
But it has the mane and tail of a horse, the 
horns. of an ox — in structure, though not in 

^Ol 
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outline — and in general anatomical features 
it resembles the African buffalo. The make- 
up of this strange creature might suggest 
that Nature, trying a variety of structural 
schemes in as many different animals, 
decided to see how they blended in one and 
the same creature. She endowed the gnu 
with qualities as conflicting as its physical 
features. Thus, while timorous in the 
extreme, these creatures are tlie victims of 
consuming curiosity ; and though they flee 
like the wind at the first sign of danger, 
curiosity draws them back, and fright and 
inquisitiveness conflict while the gnu capers 
and leaps in the vicinity of the hunter 
until the fatal bullet puts an end to curiosity. 

The Little Aniinel of Our English Parks 
Which is Still True to Type 

After these examples of extreme develop- 
ment, of the curious results to which 
evolution leads, we may turn lor a moment 
to the other end of the scale, to view, not, 
indeed, originals, but as near to originals 
as we can get, in the chevrotains, the pretty 
little animals which preserve for us the 
earliest picture of the deer family. They 
have been traced back to an ancestry from 
which all the deer tribe sprang. Whereas 
the rest of the family have developed in 
shape and si/e, adapting themselves to 
varied climates and conditions — from the 
tar-northern habitat of the elk to the peace- 
ful scenes of the park-deer of England — the 
little chevrotain remains true to type, an 
animal without horns, spare of build, little 
more than a foot high at the shoulder, 
progressing over the ground on tip-toe 
with a stiff-jointed gait, placed lowest in 
the scale of family honours, yet most 
highly to be reverenced as the most ancient 
type of deer. In human society the oldest 
families are the aristocracy, but with the 
aristocracy of the animal world the newest 
are the aiistocrats; the most highly 
developed type heads the family tree. 

The Story of Evolution nsi Told by the 
. Antler of the Deer 

Nevertheless, though no one would spare 
the lordly moose, the most magnificent 
development of the deer tribe, none of us 
would sacrifice the little chevrotain, re- 
minder of the humble days when all deer 
were tiny and little specialised. 

.There is a very interesting chapter in 
ev’olution to be read in this contrast between 
the chevrotain and the elk; and thestudqnt 
may extend it by examination of the 
antlers in successive years of a growing 
deer. TItere we see at once the story of the 
animaVs growth from year to year, but 


when vve know a little more we realise tli n 
in the development of antlers year l.\ 
year, from small and simple to large ani 
branching, there we sec also the repr<,. 
Auction of the story of the deer's dcveloj) 
ment from age to age. Each year's coji- 
dition of the antlers represents an eporf 
in the history of the deer family. TIk. 
small antlers developed in the deer's first 
year stand for the class of antlers carried 
by the most primitive deer when they liiul 
first begun to develop these weapons. Tiu: 
antlers drop off, and are succeeded in tlu: 
following year by antlers which begin to 
branch, so marking a corresponding develop- 
ment in the past history of the family. 
And so the story runs, from one geolog i( ;il 
period to another, the history of successive 
epochs retold by each year’s development 
of antlers. But the little chevrotain remains 
to tell us of the earliest era when deer liad 
not put on antlers at all. 

No bird survives to remind us of the first 
reptile that took unto itself wings niul 
mounted into the air. Certain reptilian 
characters remain in all birds, but tluiv 
is no survivor of the leathery winged, 
featherless creatures which had teeth and 
talons to aid them in the battle of life. 

An Attempt to Reconstruct n Chapter of 
Evolution 

We have, however, a number of so-called 
.flying animals to teach us how reptiles and 
mammals first began tolly ; and the bats, 
one of the most remarkable and ancient 
of surviving mammalian orders, flourish in 
mighty hosts to elaborate the story. 

It is not difficult to imagine this chaj)ler 
of evolution, and we may reconstruct it 
according to our fancy. The insects had 
crept out of the water, and, with a rich and 
varied vegetation to sustain them, wa.vcd 
and multiplied. After them followed the 
amphibia, which had learned to dispense 
with water-breathing gills and to infuse 
oxygen into their blood by means of 
atmospheric air. Tliey may have pursued 
the insects and devoured them. The insects 
were the first things to fly, and their flight 
would impel their pursuers to emulate them. 
The earliest^ animals contented themseh es. 
no. doubt, by pursuit on foot, in and out ot 
the herbage, into the soil, up and do^'ij 
trees. But presently some of them risked 
the ‘first attempt at flight 1)y launching" 
themselves into the air, and bieaking tlieii' 
fall by outspread limbs and distended skin. 

Nature is a complaisant parent, pei' 
^raitting her children to try all manner nt 
’experiments, and rewarding intelligent 
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The first 

or the best •YV-jji'X'W-'l ^ 
result, short of tU - - 

night, is to be 
toiiiul ill the fly- 
ini; lemur, an 
animal which, 
xNiilioiit wings, 
tan cover a dis- 
tance of 120 feet 
at one swoop. 

riiis wonderful 
ili'^lit is accom- 
jiir^hed by a sin- 
i;nlar modifica- 

I i ( ) 11 of the 
aiiinial’s skin, 
which, beginning 
at the throat,. ^ 
provides a collaps- 
il)l(‘ parachute, 
ixttMuling from 
both sides of the body out to the extremity 
(il all lour limbs — short of the. claws — and 
stretching from the hind legs to the tail. 
The claws serve for climbing ; tlie parachute 
enables the lemur to ))lane from a great 
lieight in a 
(1 o w 11 wa r d 
a in I forward 
direction, and 
even, after a 
ilip, to soar 

II )) \v a r d s , 
earried by the 
niiciiial im- 
pel ns. With 
flight modifi- 
cations, the 
^'inui arrange- 
ment of the 
^kin serves 
the flying 
plialanger of New Guinea and Australia, the 
tlying mouse, or opossum, of the same 
continent, the flying squirrel of America, 
the Hying frog, and the flying lizard. The 


AN AFRICAN FROG AND US TADROl.K 


^ . . -. v - '171 SO - called flying 

fish manage their 

more, by means 
of strikingly de- 
: vcloped ])cctoral 
^ fins, which they 
utilise as a para- 
chute. The flying 
g u r n a r d com- 
passes his excur- 
sions above sea- 
Jevcl by much 
the same means. 

As instruments 
of flight these 
extensible folds 
of skin and ab- 
normally deve- 
lo])cd fins arc 
primitive imple- 
ments, blit they are as interesting to the 
student of Zoology as true wings. For 
here, obviously, we get a picture of the 
way in which flight, the most marvellous 
of all forms of locomotion, first had its 

inception. The 
travHils of the 
so-called fly- 
ing animals, 
animals which 
use a para- 
chutc, re- 
produce t h e 
earliest efforts 
of primitive 
animals to 
rise superior 
to the pull of 
gravity. Evi- 
dently the 
experimen t 

was not confined to one type, for the flying 
lemur is very ancient, surviving from a type 
which emerged before the insect-eaters 
and tlie pouched animals were evolved. 



TUli FLOWKR-NOSED BAT OF THE SOLOMON ISI.ANDS 



OF A FLOWER- HEAD OF THE LONG-TONGUED VAMPIRE WITH HEAD OF INDIAN FAI.SE 
KOSED bat PROTRUDED TONGUE VAMPIRE BAT 
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Jl-LLY-FlSH — THK MAKVl-.LLOUS CRKATUKliS LOW DOWN JN Tllli LADl^l- 


P'roTU some insect -calinj^ animal wliich 
had bcf^un in this way the first bats spranf<. 
They arc, ol course, true fliers, more 
wonderful fliers than most of us nnilisc 
until we know of a barbarous experiment 
once tried to test their powers. ]3ats which, 
had been rendered 
s i g li t 1 e s s w c r e 
turned loose in a 
room crossed in 
many ])laces by 
tlireads ol cotton. 

Jbit not a bat col- 
lided, eitlier with 
the threads or with 
any other article in 
the room. A day- 
flying b i r d \v i 1 1 
blunder ludicrously 
if turned into the 
night ; a nocturnal 
bird is da/ed ami 
lost by^ daylight. 

Yet thc.so sightless 
bats llcw up and 
(Jown and across and 
across this nuiifc without once touching a 
single obstacle. TJiey haM^ .some sense of 
direction which we do not uiulerstand. 
Still, expert fliers as they are, their wings 
arc not true wings in the sense that a 
bird’s wings are. Bats have enormously 



FISH-LIKE CREATURES WITHOUT LIMBS 
( 1 ) Se.'i-laniprcy, (2) River lauipern, (3) Tlaner's lanipcrn. 


(jxtended the bones of the hand am 

eiu'losed them in a membrane, which con 

tinues along the arm and sides of the 1)()(.1\ 
and joins the hind legs- -turned with kiui- 
outward — to the longisli tail. The toe 
are free, and by these the bat hangs him 
self up ; the tw 

thumbs also are fret, 
and serve as hook- 
Hut the whole cqui}' 
ment is only ai 
extension of ili 

parachute prineij^k 
which must oiu' 

have been on th 
way to ])erlectioii ii 
the flying lennn 
The inspiration la; 
in that extension 
the bones of th 
hand. It gave th 
bat an advanta.c: 
over all other li\ iui 
creatures save f h 
birds. Well has th 
bat profited b\' hi 
advantages.. Few of us realise' hownumeiou 
these fl3dng mammals are. Bats arc i da 
tively few, not, indeed, in individuals, but n 
number of species, in Great Britain, hu 
they teem in warmer climates. There ai 
close upon eight hundred known species 
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OF IJFK WHICH AUl'. MAINLY WATJi-R IILLD TOliKTHLR IN A SORT OR SVKB 


witli :is great diversity of form and feature 
.is is found in the whole of animal creation. 
Tliey are divided into two class(‘s — the 
iiis(‘(i -eaters, which are by far the more 
.iiinua’ous, and the fruit -eaters. The latter 
include the ilying fox<'s, great b.i!s wi !i a 
wing-spread of from 
l«'Ui to live feet, 
which are so abuii- 
haiil in India as to 
a use serious 
lauiage to cultivated 
'lops. But there 
I'' a third class, the 
hlo()( flickers, the 
' 1 u e v a ni j) i r e s , 

^'■hi(*h. descending 
'dtli fanning wings 
at «lead of niglit 
apnii a sleeping man 
‘a’ animal, shave 
•‘^vav the skin with 
tluir ra;5or-like 
ha*lh, then draw the 
hl(M.(i until gorged. 

i)at has its apologists, but the fact is 
'•^at the stomach of the vampire is simply 
‘*a elongated tube, adapted ©nly to the 
^^‘‘ cj){ion of blood, and not to a solid diet. 

hh the bats we leave our survey of the 
^^■^hitionary processes evidenced before 
^•ur t ycs. This sketch is necessarily casual 


and ha])ha;^ard, but sufficient examples liave 
been cited to pro\'e that the ])ageant of 
lift? before us is not com])osed of animals of 
one dead level of age and attainment. 
Among some of the lowliest forms of life we 
find fonu'' m<>s< to bi* jioiuUued over, those 
living mile-stones 
which show us the 
route by which the 
rest have come ; and 
with Ihiun, sharing 
,the same area, often 
the same food, the 
samii risks and vi- 
cissitudes, are the 
highest’ yet along 
i the same line of 
progress. The day is 
coming when many 
of these links will 
for ever have been 
; snap]ied. Civilisa- 
tion with sanguin- 
ary zeal — though 
tempered a little 
with consideration in these latter (lays 
- is stamping out wild life wherever siie 
sets her fool. It is well that we should 
glean, while we ma\', sonudhing of the 
romance and wonder that still remain 
to us in the lives and lineaments of such 
wild creatures as still survive. 





PROBABLY ARBOREAL-PICTURED BY R. L S. 



The first nien were in all probaVnlity arboreal ; tbey sought refuge in the tops of trees from wildc i 
'reatiires. The imagination of Robert Louis Stevenson pictured the first man as “ a certain low 
jrowed, hairy gentleman, at first a percher in the trees,’* whose “old, wild, tree-top blood ’’runs 
hrougli all ou/ veins”; and science has little to contradict ill the imagination of the novelist. 
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THE MAN IN THE TREE-TOPS 

What we Know and what we can Imagine about 
Robert Louis Stevenson’s “ Probably Arboreal ” 

WHERE, WHEN, & HOW CAME THE FIRST MAN? 


T here is a certain critic, not iiulced of 
execution but of matter, whom I 
dare be known to set before the best. A 
certain low-browccl, hairy gentleman, at 
iirst a pcrcher in the forks of trees, next 
(as they relate) a dweller in caves, and whom 
1 think I see squatting in cave mouths on a 
pleasant afternoon to munch his berries — 
liis wife, that accomplished lady, squatting 
by his side ; his name I never heard, but 
he is often described as Probably Arboreal, 
which may serve for recognition . Each has 
his own tree of ancestors, but at the top of 
all sits Probably Arboreal ; in all our veins 
there run some minims of his old, wild, 
tree-top blood ; our civilised nerves still 
tingle with his rude terrors and }:)leasurcs ; 
an(l to that which would have moved our 
common ancestors all must obediently thrill.'* 
So wrote Robert Louis Stevenson, in 
" Memories and Portraits,** and the scientific 
writer may be grateful for such a passage,' 
which is probably quite accurate in sub- 
stance, and expresses more than strict 
science can hope to essay. 

The first men, or the first creatures that 
were more than apes, were “ Probably 
Arboreal,** but made adventure upon the 
ground. We know what enemies, snakes 
especially, they had to fear, and how their 
remote descendants share that fear still. 
Other evidence of our arboreal descent is 
vtTy various. New-born babies have been 
found to possess an incredible power of 
grasping such objects as boughs of trees, 
and supporting themselves thereby, whieh 
they soon lose, and which none can emulate 
in later years. In the lower types of man- 
l<ind the arms and the shoulders are much 
more highly developed than the legs, and 
the length of the arms is greater in propor- 
tion to the length of the bod}^ just as we 
find in the arboreal apes. The foot of man 
is a kind of compromise. It. is far from 


being perfectly adapted to the ground, for 
it is most inadequately protected, and 
civilised man has always had to })rovidc 
artificial protection for it, and has always 
paid the price of corns and distortion of 
joints in consequence. Yet his foot has 
lost its power of grasping, and man is 
certainly not four-handed. The anatomists 
report, however, that the sole of liis foot 
contains four distinct layers of complicated 
muscles, most of which serve no present 
pur])osc, but which are quite evidently 
survivals from the time when the organ 
was used for grasping. Boys still love to 
climb trees, and have no small natural skill, 
ami a great deal of natural at-homeness 
there, but one has only to watch them 
to realise how much the lower limbs have 
changed since they were suitable for that 
purpose. Yet the foot muscles evolved for 
that purpose significantly remain. 

“ Probably Arboreal *’ was no doubt an 
athlete, if we may judge at all by modern 
gibbons, some of which can throw them- 
selves as much as forty feet frorrt the branch 
of one tree to catch the branch of another. 
At the same time, we must remember that 
the new use of the legs for upright progres- 
sion involved their strengthening in bone 
and in muscle, and the arms had to lose 
something by way of compensation. Man*s 
arm boasts a muscle with two ‘‘ heads,** or 
places of origin, which is accordingly called 
his “ biceps,** but the “ biceps ** of the 
modern agile gibbon is really a “ quadri- 
ceps,** for it has no less than four heads. 
Man is therefore not justified, historically, 
in attempting to recover the arm-power of 
his remote ancestors, who, indeed, mainly 
ran to arm, and had exceedingly light and 
slender bodies to carry. 

Our modern controversies on hygiene and 
habit add interest to the available evidence 
as to the habits of the very first men. It 


kmbracing anthropology, anatomy, physiology, psychology, hypnotism 
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must be admitted that they were certainly 
vegetarians. Their diet must have con- 
sisted chiefly of nuts and fruit. The young 
were, of course, fed with their mother*s 
milk, and this feedirfg was very prolonged. 
Strict vegetarianism was never the practice 
of the mammalian baby, and never can be. 
But the adults were certainly vegetarian ; 
and we must disabuse ourselves of the idea 
that they were savage, club-armed creatures 
resembling the pictures of the gorilla. 

The Birds’ Eggs that may have Varied the 
Vegetariaa Diet of our First Ancestors 

Like vegetarians in general, our first 
ancestors must have been of a different 
temper ; not aggressive, probably timid, 
though light-hearted enough when free from 
danger in their tree-tops, and doing no more 
harm to other animals than may perhaps 
have been accomplished by bird-nesting. 
Birds* eggs would be welcome diet, and 
would be the only probable excej^tioii to 
their primitive vegetarianism. Boys, 
whom we call “ monkeys** without entire 
injustice, climb trees for birds’ eggs still. 

It need hardly be noted that the teeth of 
apes and of man arc fundamentally distinct 
from the carnivorous type, but are ex- 
cellently suited for nuts and fruit, as are 
man’s fingers. Visitors privileged to feed 
the anthropoids at the Zoo to-day will agree 
lhat they eat nuts and fruit in a very 
human way, or perhaps we may say that 
we eat nuts and fruit, with fingers and teeth, 
in a very ape- like way. 

We are not entitled to note tlieso facts as 
conclusive in the controversy regarding 
man’s diet. They arc important and highly 
instructive, but it must be remembered that 
man is man, not “ Probably Arboreal,” 
that his body and his habits are now pro- 
foundly modified ; and there is a possible 
argument, on the other side, to the effect 
that coming down to the ground, with the 
opportunities it offered for more concen- 
trated and stimulating fare, such as small 
animals would provide, made all the dif- 
ference between the ape and incipient man. 

The Ancestor of us All who May have been 
no Bigger than a Child 

That argument is probably unsound, but 
it has to be met ; and the wisest course 
would be for us to decide these dietetic 
questions on their own merits without re- 
ferjence to evolutionary speculation. Other- 
wise it would not really be difficult to argue 
that man should be all manner of inhuman 
things. ' This caution applies equally fo 
the athleticism and to the diet of “ Pro- 
bably Arboreal.” 
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The modern gibbon is a tiny animal ; 
and just as the modern horse is descendetl 
from a pig-like ancestor, so man is doubtless 
descended from an ancestor no bigger than, 
say, a two or three year old child. An 
arboreal animal must imperatively keep 
down its weight if it is safely to keep up 
its body. Those descendants of ” Probably 
Arboreal ” who have taken to the ground 
have lost the necessity for this small size, 
and accordingly we find the gorilla, which 
may be five feet six inches high, and man. 

These two forms are giants in comparison 
with their ancestors. The fact is of great 
interest in more ways than one. Coming 
down to the ground enabled the first man 
to grow in size and strength of body and 
legs, as distinguished from the strength 
of arm which was so essential in the trees. 
But it has also been associated with a 
notable change in the span of life. Lon- 
gevity has long been an obscure subject, 
and much comparison of the different 
forms of animal life, even as lately as the 
work of Metchnikoff, has left it still obscure, 
though less so. But one generalisation ma\ 
perhaps be permitted here. 

The Great Advaatages of Being a 
Giant 

Comparing related forms, say man and 
monkeys, small birds and large birds, 
small tortoises and large turtles, increase in 
size goes with an increased span of life- ■ 
longevity comers in with giantism. The 
underlying explanation of this fact is yet 
to be found, but the fact itself interests us. 

Man is the giant ape, so far as his body 
is concerned ; and accordingly his span 
of life may run to a century, where twenty 
years, perhaps, would have been a great 
age for one of his small ancestors. The 
gigantic size of man — for he is definitely 
a giant when looked at historically — has 
another great advantage in that it enables 
him to maintain his bodily temperature 
with much greater ease than is possible 
for a small animal, which has so large a 
surface in proportion to its mass, and cools 
so much more rapidly. It cannot be 
believed that a denuded tropical animal of 
the size of the gibbon couki have survived 
and thrived in temperate zones as man has 
survived. 

When, therefore, the modern athlete 
envies the astonishing skill and capacity 
of a couple of gibbons having a game, he 
should remember that he is a giant, re- 
latively to them, that this is greatly to his 
gain on the whole, that the price he 
paid for it in diminished agility and relative 
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arm power is a small one, and that to 
attempt to equal the gibbon in this respect 
is to go back upon his distinctive physical 
humanity. He has enormous advantages 
of his own in other respects, and he should 

remember that he is 

human largely because his 
arms are no longer used 
for locomotion, but for 
higher purposes, and he 
should be grateful for 
1 he longevity which he has 
gained, so that he is in his 
physical prime at twice 
tlie age of an aged gibbon. 

Readers in this country 
should be interested to 
know that to Dr. Arthur 
Keith, Conservator of the 
Museum of the Royal 
College of Surgeons, we 
owe much of our modern 
understanding of this 
problem, largely due to 
his original study of the 
higher apes. That 
museum, by far the finest 
of its kind in the world, 
affords splendid oppor- 
tunities for those who are 
interested in this subject, the 
ft is right that not all the 

honour should cO to the compared wUh the .'ipes, with the ftrst, and thev were 

11 1 P exception of the monsitr gorilla which most nearly i. • i 
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places where they live. Thus we may 
legitimately surmise that, once Probably 
Arboreal went so far as to leave his tree 
and try life upon the ground, he was en- 
couraged torgo a little farther, and get out 
into the open, where 
snakes, if they were there, 
could be seen, and would 
be less numerous. So far as 
the evidence goes, all we 
can say is that, at some 
stage or other, by some 
means or other, we find 
very early men living in 
caves. 

It must be remembered 
that this creature is living 
from the first by its wits. 
That is the mark of man 
from the beginning until 
to-day. With whatever 
difficulty, we must dis- 
abuse our minds of the 
picture of the open- 
mouthed gorilla advanc- 
ing upon his enemy with 
a club. Our primitive 
ancestors were small ; 
they were exceedingly 
agile, no doubt, but they 
must have been far from 
steady on their legs at 
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SKELETON OF AN AVF.RAGE MAN 
AND A LARGE GORILLA 


well-known foreign aiiatO- resembles lum in size. Hut the features of the gorilla Certainly nOt ICrOClOUS. 

mists in these latest deve- Their aboriginal habit of 

loDinents of the theory of .arm— emphasise the kinship life was the safety of trees, 

Darwin and Spencer and 

Huxley. In the foregoing there is much, 
nowhere to be found in print, which we owe 
lo Dr. Keith's recent lectures on the subject, 
and to which grateful acknowledgment is 
here made. 

Now we have to consider the next stage in 
tlie habits of 
the new being. 

We may sup- 
l)ose that at 
first it stayed 
near the trees 
w h i c h spelt 
safety, but 
gradually it 
would gaincon- 
fidence and 
trust itself to 

the ground, as we see the young gibbons, 
when at last they are satisfied as to the 
absence of snakes, do at the Zoo to-day. 

Dut there is no really safe way with snakes 
hut to avoid them, and one must avoid the 



HOW THE SKULL OF MAN HAS MADE ROOM FOR THE bRAlN 


These three skulls of (1) an Australian native, (2) a negro, and (3) a European 
show how the human skull has been gradually pushed forward by the brain. 


the shade and the protec- 
tion they afforded from sun and rain, and 
from animal foes. If we begin with these 
ideas, we shall not find it difficult to under- 
stand that these lately arboreal creatures, 
fearful of snakes and accustomed to some 
degree of protection from all manner of 

injury, should 
take to living 
in caves. Be it 
never forgotten 
that we are 
dealing with a 
creature which 
was remark- 
ably intelligent 
and original 
and curious, 
which could no 
more refrain from entering a hole in a cliff, 
once seen, than a modern boy can, and 
which would very quickly find that such a 
hole had some very desirable properties as 
a place of residence. This is a creature, 
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too, which has exceedingly serviceable 
hands: and these hands, formerly used 
both for locomotion and for other pur- 
poses, are now entirely freed from 
locomotion, and simply long to use their 
liberty by doing more than ever in the 
way of picking up and touching, and ex- 
amining, and even digging and constructing 
—just in the fashion for which children 
are daily reproved in modern times. 

To these characters of body and of intel- 
ligence, notably of insatiable curiosity — 
which reaches such heights in the modern 
man of science -we must add those of 
imitation, and the power of learning by 
experience, which we see in modern apes, 
and which are extraordinarily develope<l in 
ourselves. The conn non description of 


into being from an ape-like and arboreal 
ancestor ; and when we have attempted tu 
trace the possible manner of this evolution, 
so far as the habits of the creatures are 
concerned, we may pass on to face thret* 
great questions which evidently remain. 

Where did all this occur ? When did it 
occur ^ How did it occur ? 

Thc hrst two of these problems, the birth- 
place of man and the antiquity of man, am 
of old standing, and have reached sonuj 
degree of solution. As for the problem ol 
the origin of man in the sense in which 
Darwin wrote of the origin of species, that 
question also has reached a new phase in 
our own day. 

The birthplace of man, all arc agreed, is 
in the Old WorldJ Like the light and all 



TilK gUAlNT LH'TLK ANIMALS THAT CkOSSLD TIIK PACIFIC BhFOKE MAN WAI.KKD THE EARTH 
'riie I wo types of tapirs shown above, both from the same original sto<'k, are found to-d.ay in Malay and the United .States of Amei i<-.i. 
I'liey must have crossed the Pacific Ocean, a distance of about sexxj miles, as shown by this map ; yet the way they inust have ;;one i'- 
now deep sea, as shown in this scclum of the Pacific. How did the 'apirs cross? There is no doubt that the answer is that they cro'.seii 
by land which then connected the American and Ausiralian continents. 


man’s Ar.^t parents as solitary animals, or 
as living in small families, after the fashion, 
or alleged fashion, of the gorilla, is probably 
quite erroneous. It is much more likely 
that our ancestors were decidedly, or, at the 
hast, potentially, social and gregarious, 'as 
we should expect in creatures so imitative 
and suggestible. Hence, ,we can begin to 
see how the^observations and successful ex- 
periments of one or two “born leaders" 
would soon modify and advance the prac- 
tice, of the first men* as. of their latest re- 
presentatives. The original minds . are 
wanttid first, and then the receptive and 
imitative faculty in the crowd. 

Whatever the se<|uence and manner of. 
events, certainly man did somehow come 
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other things, he came from the east, arul 
westward the course of his empire and tlit; 
light of his mind have taken their wav. 
Man in the New World is clearly an iinnii- 
grant, not a native. We do not find fossil 
remains of man or of anthropoid apes there, 
though the New World abounds in noble 
fossils of a thousand other kinds. TIicit 
are no anthropoid apes there now, nor c\'ei 
were, but only tailed monkeys. The abori- 
ginal inhabitants of the New World appear 
to have reached it, we think, by travellin^J 
from North-Eastern Asia, and entering Ibe 
New World from the north. Land may 
have been continuous in those days between 
the continents. On this theory we. might 
expect all the aboriginal and native — but 
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not indigenous — men of the New World to 
bo yellow-skinned and to partake of the 
characteristics of the Mongol. That is, 
indeed, what we find, not only in details of 
niuitomy, but also in habits and. culture. 
The first settlers in America were yellow; 
and now the problem is whether any more 
vollow men are to enter the continent which 
their remote forefathers discovered ! 

Wc turn to the Old World, then, for the 
l)irtliplace of man, and in the Old World 
certainly to Asia, where we found the “ ape- 
man/' and where we find the gibbons and 
llie orangs to-day. But there arc anthro- 
poids in Africa also, the chimpanzee and 
the gorilla, which are found nowhere else ; 


the human species, and that origin must 
have taken place in Asia. Needless to say, 
any further suggestion must be highly 
speculative. The discovery of the “ ape- 
man " in Java, and the existence of anthro- 
poid apes in the islands of that ncighbour- 
liood, do suggest a more definite site. But 
at this point wc pljiinly have to reckon 
with geology, and what it may teach us as 
to the past. For wc are speaking of very 
ancient times, and no one can suppose that 
the configuration of land and sea was then 
what w^c find to-day. There is some reason 
to suppose that such islands as Java and 
Sumatra and Borneo represent the I'emains 
of a now submerged continent. It thus 



MAX HAS LOST THE STRENGTH AND AGJLITV OF LOWER ANIMALS, BUT H]S HANDS HAVE. GIVEN 
HIM MASTERY OVER ALL CREATED THINGS. 


and there are very primitive human beings 
in Africa. Thus it may be suggested that 
nmn had more than one birthplace. Perhaps 
one kind of man, and that superior, was born 
in Asia, and another, inferior, in Africa. 
This view of the multiple origin of man 
not now held by high authority. All the 
evidence is against it. Far more probable, 
not to say proved,. is the view that certain 
lowly types of ‘man, who suggest a begin- 
•iing in the places where wc find them, 
jne degenerate, and represent ancestors of 
•‘igher type who settled there. This is one 
/I the great controversies not to be settled 
in a paragraph, but apparently w'e have no 
^'lioice but to believe in the single origin of 


may be that the true birthplace of man is 
now an ocean bed. 

The next question, as to the antiquity of 
man, is no less interesting. Of course, wc 
here depend again ujion geology. Wc trace 
back human records as far as possible, say 
as far as the “ ape-man,** and we compare 
with these and the levels at which they are 
found the corresponding facts regarding 
the fo.ssil-apes. Ikit when tJiis is done we 
arc bound to refer to the geologist for his 
estimates of the antiquity of these various 
deposits in which man and his congeners 
have left their first marks. 

The estimates vary from time to time, 
but they always vary in the same direction, 
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which is that of extension. Geology has 
discovered in radium and radio-activity, for 
instance, a series of facts which lengthen 
nearly all its estimates ; and at the same 
time our fossils of man and apes continue 
to be found at deeper levels. Not long ago 
one-third of a million years was a figure 
which gained Credence on the grounds then 
available, and indeed that seemed a long 
time ; but it is? little enough when compared 
with modern reckonings of the antiquity of 
the earth's crust and the life it supports. 

The Birthday of the First Man— Was it Six 
Million Years Ago? 

Latterly Dr. Keith and other students 
have rejected even tliis figure as inadequate, 
arid Dr. Keith has suggested something like 
six million years as representing the anti- 
quity of man. A more accurate statement 
would be that this figure represents the date 
at which we may suppose the ancestors of 
man, and man alone, to have split off from 
the common stock which is now also repre- 
sented by the anthropoid apes. Whether 
any man would admit the title to the name, 
if claimed by his supposed ancestor of six 
million years ago, is another question. 

The answer to it is involved in the last 
of our three questions came man ? 

We have studied man's forerunners, and 
the probabilities of the sequence between 
them and him, and we have clearly seen 
that he has allies in the animal world of the 
present and of the past. Ihit the fact 
remains that the abyss between man and 
these creatures is wide and profound. 

When the lowest forms of man have been 
observed, and the highest forms of animals, 
and when the utmost allowance is made 
lor the advantages of training and society 
in the one case and their absence in the 
other, and when all the resemblances 
between the human and the anthropoid 
brain, the human and the anthropoid habit 
of mind, have been generously estimated, 
the how of man’s origin is scarcely one whit 
less formidable than ever 

The Formidable Mystery ' of How Man 
Came into the World 

He still is seen to be unique and inimitable, 
and we are fain to grasp at the explanation 
of a special^ creative interposition. Even 
to-day the illustrious Nestor of Evolution, 
Dr. Alfred Russel Wallace, to whom we 
owe* in part, the theory of natural selection, 
finds it impossible to account for man’s 
mind except on some such theory, whatever, 
may be the case as regards his body. 

If a natural explanation is alone to satisfy 
us, we must choose, it now seems clear, 
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between two. The choice need not ho. 
determined by any time advantage be- 
longing to one or other, for modern geology, 
and the records of fossils, allow us an uii- 
imaginable space of time ; and if we arc 
offered a theory which demands enormous 
ages, it may have them. One of the 
theories does make this demand ; and tlu^ 
time has now come wlien wc may ventuK* 
to call it the classical theory, for it dcpeinls 
upon the unaided application of the Darwin- 
Wallacc doctrine to the human case. Thai 
doctrine asserts that new species come intu 
being very gradually through tlie inherit- 
ance and slow accumulation of minute 
variations in many successive generations, 
such variations being chosen by “ natural 
selection " because they favour the survival 
of the individual and the race. In the 
case of man, we naturally think of th(' 
brain, which matters everything. We are 
to suppose that, in the case of tliis creature, 
living by his wits, those wits would be 
stringently chosen by natural selection. 
Tlic brainiest " would survive and leave 
children, and thus, at last, our ancestor 
would become human. Granting that then', 
is an enormous distance to traverse between 
the tw'o, geology will allow enormous 
periods of time for the process. 

Did Man Come About by Slow Degrees or 
by a Sudden Change ? 

Here we shall not presume to choose 
between this theory and the newer one ; our 
present business is to state both fairly. Tlii' 
newer one takes regard of the recent evi- 
dence, supplied by the followers of Mendel 
and others, which suggests that, contrary to 
the view of Darwin, species arise- more com- 
monly, if not always, by quite abrupt changes 
in type. This view would not require 
anything like so much time as the other. 
According to it, a comparatively small 
number of abrupt changes in the brain 
might occur, subject to the laws of what is 
called ** variation," and these changes, being 
favourable, would be spared by natural 
selection. They would resemble the pro- 
duction of such a " sport" as a nectarine 
by a peach-tree. Thus we^ should regard 
man, not, indeed, as " a sport of the higher 
apes," but as a.sport from the original stock 
of the higher apes and of man. The produc- 
tion of sudden varieties, potentially human, 
among ape-like forms, is consonant with all 
the known facts of other species, and nia>' 
have thus occurred. Natural selection 
would then favour the survival of such 
" sports," because of the survival value of 
superior brains and superior instincts. 



MICHAEL ANGELO’S THINKING MAN 



It may possibly have taken six million years, some authorit.es think, for human life to reach the summit on 
'vhifh man now stands-six million years, that, is to bridge the gulf between the far-away man in the tree- 
tups and the thinking man whom Michael Angelo so finely embodied in this statue of Lorenzo de ftleuiti. 





THE TERRIBLE PLAGUE OF ROME WHICH MISLED MANKIND FOR GENERATIONS 



CROUP 7 -HEALTH -THE WAY TO BE HAPPY- WHOLE AND WELL-CHAPTER 3 


BREATHING LIFE AND DEATH 

The Truth and Some Illusions about 
Fresh Air and the Life of the Open 

WHAT A CHANGE OF AIR REALLY MEANS 


O N every ground we should begin our 
statement of the demands of health 
by discussing the need of air. It is the most 
urgent of all vital needs ; the reader will 
never reach the end of this paragraph, or 
^tart another, unless he breathes an atmo- 
s])hcre which will sustain his life. Further, 
air docs not receive its due in discussions 
on health. Most people’s interest in health 
questions concentrates upon diet. As for 
those who purvey health, or its means, 
they are bound to lay stress chiefly upon 
the special foods or drugs they sell, or 
upon their special methods of “ physical 
culture.” The food may be eaten, or the 
(luuib-bells swung, in an atmosphere which 
does fifty times the harm that they, can 
do good, but no one minds. Unfortu- 
nately from our point of view, the air is 
colourless, nor are there any colour 
(lilhTences between pure air and foul air ; 
and ” what the eye doesn’t see, the heart, 
doesn’t grieve for.” 

But for the hygienist, who has no 
concern whatever but to give the advice 
which most promotes healtli, the question 
of air is paramount. Though, in large 
<lcgrce, air can be had for nothing, tlie 
hygienist is just as interested as if it had 
Ixeu captured by a group of capitalists, 
and the various qualities had to be paid 
for at the market price. In those condi- 
tions, in the introduction of the monetary 
is^ue, everyone would agree that the 
question of air was almost the first and 
last so far as health is concerned. Here 
W(; must make a great effort, and try t() 
get up an interest in air on its own merits, 
though it is not on view, is not for sale, 
and though the great majority of people 
tan have all they need for the asking. 

Another obstacle to the proper apprecia- 
tion of this question is that it is not really 
t oiitroversial. If it could be. made a party 


question it would attract people, but on 
the whole we agree about air. People 
invent “ fasting cures,” but they do not 
invent suffocation cures. The need of air 
is beyond question ; and public sentiment 
in this country, though by no means upon 
the Continent, is wholly in favour of fresh 
ait*. The most determined non-ventilator, 
Wiio spends his life shutting windows, and 
to whom the breath of heaven is miasma 
and abomination, will pronounce himself 
an enthusiastic believer in fresh air. Only, 
he does not like ” draughts.” Similarly, 
we all say we like music, though qo 
per cent, of us want to talk during the 
second half-minute of any real music. 
Ihiblic opinion is in favour of air and music ; 
-and we conform thereto. 

One of the purposes of this chapter will 
be to show that the man who manifests 
his love of fn‘sh air by spending his time 
in excluding it from his precincts does 
himself and others great harm ; and that 
the difference between lip-service and 
nostril-service to fresh air is all the differ- 
ence in the world. It is immensely worth 
while to pay the i^eal homage, which is 
not with the open mouth of protestation, 
but with the open nostrils of inhalation. 
Here the hygienist does not require to 
stand up against public opinion and 
c.mmon practice, as in the. case of not a 
few popular habits. He has the easier 
task of showing how public opinion may 
really get what it believes in, and of 
warning it against imitations. 

It might seem to be the only proper 
fashion in which to start that wc should 
make a tabular statement of the differences 
between pure air on .the one hand, and 
the many kinds of foul air on the other. 
Chemises have analysed many kinds of 
air, and it is possible to state the composi- 
tion of city air and country air, mountain 
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and sea air, day and night air, “ under- 
ground ** air, sewer air, average bedroom 
air, and so forth, with much accuracy. 
Many pages could be taken up with the 
statement and comparison of these differ- 
ences between pure air and foul. 

But the remarkable fact, which has 
baffled most commentators, is that the 
differences in composition which the chemist 
describes seem ridiculously inadequate to 
account for the differences which the doctor 
sees in people who breathe these different 
kinds of air. The doctor knows that in 
certain kinds of air people die, and in others 
they live. He reports to the chemist and 
asks for comparative analyses, and the 
chemist reports back again that the per- 
centage of oxygen or of moisture is a 
fractional point higher in the one case 
and lower in the other. Either we must 
revise our notions of this subject altogether, 
and find some fact of liealth and ill-health 
which we have liitlierto forgotten, or we 
must sup})0sc that the cliemist, tlioiigh he 
can measure some of tlu* things in the air. 
is somehow unable to measure, or even to 
discover, the most important of all. 

How the Mosquito which Feeds by Night has 
Misled Popular Belief 

Tt is tlie writer’s belief that th(‘ chemist 
is not at all to blame, and that the fault 
lies with the doctors, who have forgotten, 
in this ('onnectioii, what they have them- 
selves discovered and really know so well. 
If wc put together the doc tors’ discovery 
and the chemists’ analyses we shall have 
the science of this subject in our hands. 
The key to it is to be found in the remark- 
able history of the disease called malaria, 
or “ bad air.” 

This is not the place for a systematic 
account of malaria. We can learn all \\\i 
need if we simply know that this disease, 
for ages attributed to the breathing of 
“ mal’ aria,” or ” bad air,” is now known 
to be due to invasion of the blood by ^ 
minute animal parasite, which is inserted 
by the bite of the female of a particular 
kind of nKXsqiiitocs. The mosquito begins 
to feed at nightfall, and those who expose 
themselves to the ” dangerous night air ” 
are thus liable to contract malaria, the bad- 
air disease. 

At one stroke, therefore, modern dis- 
covpry upsets the oldest and apparently 
most clearly evidenced of beliefs. The 
difference between the day air and the night 
air which produces malaria is that the night* 
air is inhabited by a particular mosquito. 
We must restate all our old beliefs. 

316 


It is probably safe to assert that th( 
habits of this mosquito account for th( 
almost universal superstition about night 
air. The chemist is entirely at a loss — aiul 
naturally so -when he is expected to find 
any objection to night air, so far as its com 
position is concerned. On the contrarx . 
everything he reports is in its favour. ] t 
contains a less proportion of carbonic acid 
gas, which does not sustain human lih*, 
but is the most important of its waste 
products. It contains a slightly higher 
proportion of oxygen, by which we live. 

The Destruction of the Old Superstition 
about Night Air 

These differences chiefly depend upon 
the fact that there is much less combustion, 
by fires and furnaces, going on at night, 
so that carbonic acid gas, the chief product 
of combustion, is therefore added to the 
air in less quantity than in the daytime. 
Still more to the adv^antage of night air 
in towns is the fact that it is very much 
less dusty, owing to the diminution of 
traffic. ('ompar(‘(l with ordinary day air, 
night air may almost be said to be filtered 
of the solid impurities which we call diisl, 
but which include under that term not onl\ 
genuine dust, but also a multitude of 
microbes and their spores, adhering to 
mere, dust and blown about with it for us 
to brcaihc. 

All along the line, then, night air scores, 
which is none the less satisfactory, seciii,c" 
that one has to breathe during the night, and 
all air at night is night air. And the 
universal siqicrstition is traced to the haliits 
of a female mosquito. There may have Invii 
other elements in it, such as the more supiM- 
stitions fear of darkness, or of moonlight or 
starlight, or ghosts, or what not, but theie 
can be little doubt that it is the mosquito 
which is responsible for the fear of iiiglit 
air - a fear which thti prevalence ol 
malaria has so entirely justified. 

The Infection that Lies in Night Air in 
Malarial Countries 

It now behoves us, with this recent 
revelation in our minds, to look again at tin 
wliole question of air, and the difference- 
between the different kinds of air. We lia . < 
found that, so far as chemistry and the hllci 
can show, night air is far superior to day an 
but exposure to it, over a wide' area of the 
earth, means exposure to infection. 

After many years’ attention lo this siil>' 
ject, and much and often-repeated examina- 
tion of the evidence, the present writer 1- 
satisfied that the hygienic differences be- 
tween different kinds of air depend far nioi'-* 
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^ llli TONGUE OE A HOUSE ELY, THE ONLY AERIAL INSECT WHICH CARRIES IN EEC TION IN GREAT HRITAJN 

*>no of the worst enemies of health in the British Isles is the common By, wliidi carrit s infection and 
T^H^ads disease in all manner of unexpccteil places. This enormous ma^nitication of the tongue of a 
ily was made for Popular Science by Mr. ]. J. Ward. 
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upon what they mean in the way of infccjtion 
than upon anything else. All over the 
malarial parts of the earth, the best kind of 
air — in itsell — is the worst, because it means 
exposure to infection. And since the broad 
difference between health’ and disease is most 
often due to the difference between not- 
infection and infection, we may guess that 
the observed facts of fresh and foul air, city 
and country air, and so lorth, in our part of 
the world, are due to differences in exposure 
to infection far more than to anything else. 

The Air that is most to be Feared in the 
British Isles 

Broadly speaking, the open air is the safe 
air from this point of view. But, of course, if 
the open air carries aerial insects that distri- 
bute microbes f)r sucli parasites as that of 
malaria, the safe air is the closed air. The 
risk of infection decides the question. In 
this part of the world we preach the value 
of open air ; aiul in the tropics we preach 
that the open air is dangerous, especially at 
night. There is no contradiction. In the 
tro]Mcs the open air is the infected air, so far 
as the chief tropical diseases are concerned. 
Here it is the closed air that is infected. 

We may now consider only our own needs 
in this country. We have mosquitoes, but 
they do not convey malaria. So far as can 
be discovered, no aerial insects convey 
infection in this country, with the notable 
exception of the domestic fly, but that is 
domestic, not an open-air insect, and it 
therefore adds point to our argument. If 
we need not fear aerial insects, carrying 
microbes with which to inoculate us, then 
the open air s]^ells safety for us without 
qualitication. as well by day as by night. 
And we shall not be astonished to- discover 
that enclosed air is most to be feared, not, as 
doctors have too long assumed, because of 
its dangerous chemical composition, but 
because of the microbes it harbours. 

The Sunlight which is Fatal to nil Forms of 
Parasite Life 

Dangerous microbes can flourish ui the 
open air, but they must take the precau- 
tion of being safely housed inside the body 
of some insect. If not so housed, they can- 
not flourish in the open air. It means too 
much oxygen for their tastes, too much 
movement— whereas what they like is to 
find suitable stuff to prey upon, and to stay 
there — and, above all, it means e.xposure to 
direct sunlight, which is fatal, rapidly and 
invariably, to all forms of parasite life* 
microbe or any other. The whole nature 
of any kind of parasite is to creep away 
from the suh and the air, into the darkness 
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and the warmth of the unfortunate bod\ 
wliich it has marked for its prey. 

Microbes have no wings, and cannot fly ; 
and all the old views about air-borne infec- 
tion, in which the public still believes, and 
which were taught to medical students lcs>. 
than a decade ago, must be abandoned. 
What we have so long called air-borne 
infection is almost always, if not always, 
insect-borne or dust-borne. As for infected 
dust, which is a real danger, one grain of it 
in a room is more to be feared than a thou- 
sand grains out of doors, for out of dOors the 
light and the cver-exposure to movinii 
oxygen rapidly destroy it, whereas indoors, 
under cover of the darkness, it may harboui 
dangerous forms of life for months or years. 

A celebrated student of disease has laltdy 
prepared the way for an entire revision ol 
public and professional o]:)inion regardiiisj^ 
fresh air. He has asked why fresh air should 
be credited with such unique virtues in tin* 
case of consumption. Why not in otlin 
diseases, if it be simply that fresh air 
strengthens resistance, and enables tlir 
patient to throw off the disease ? Wh\ 
should not this apply to all cases where thu 
patient requires more resistance to throw oil 
any disease from which he is suffering ? 

The Microbe of Consumption which Dies in 
the Open Air 

These questions, lately asked -by .Sir 
Almroth Wright, liavc not yet been satis- 
factorily answered on the old lines, and they 
never will be. J:5ut the answer to them is 
quite clear to the expert stiUlents of con- 
sumption, and of all the other infections that 
occur and are spread through the breath. 
The sanatorium for consumption has its own 
invaluable use in isolating infectious persons, 
and thus protecting other people, and it 
W'ould have this use if it did nothing else. 

But it does much else. It very olten cim ^^ 
the patient, and almost always it great 1\ 
prolongs his life. The chief reason is that 
the open-air structure of the sanatorium, and 
the open-air life there, are death to tlu* 
microbes of consumption; and therefore the 
patients, who may be quite able to recoM 1 
from the infection they already have, hnt 
could not recover from repeated doses of it. 
are free to get well. There are no new 
microbes to inhale ; and very likely the old 
ones, already inhaled, can be dealt with Iw’ 
the patient’s defences, if they; are not re- 
inforced. In former days, patients oftt n 
recovered when they were sent on long se.i- 
voyages. It was not the sea air that cured 
them, but the absence of microbes from sea- 
air. As for more advanced cases, in whi< li 
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the sanatorium, failing to cure, at any rate 
prolongs life, the explanation is that the 
germs of septic infection cannot survive 
under the conditions of a sanatorium, all 
. light and air, and no dust ; and therefore the 
patient’s lungs are not done to death by 
having those septic microbes added to the 
consumption microbes. The patient is 
saved, as doctors say, from secondary 
infection aggravating the original infection, 
and so his life is ])rolonged. 

Undoubtedly it is the “ open air *’ that 
does the good, saves the lives, or ])rolongs 
them ; but our naive idea that this depentls 
upon some difference in the composition 
of the open air and indoor air is just as 
inaccurate as the idea tliat malaria was 
due to s(^me poisonous quality in the night 
air derived from the “ exhalations of 
swamps.” Mosquitoes breed in swamps, 
and microbes breed in indoor dust. In- 
fection is the key to the facts in both cases. 

It will take a v'ery long time for this 
perfectly simple and satisfactory explana- 
tion to be accepted In* ])eoplc at large, 
but its accej)tance will lead to a great 
advance in the standard of health, by 
causing us to concentrate on the real danger. 

TKe Wonderful Summer that Brought Tragedy 
to Vast Numbers of Babies 

Wherever men have ceased to defame 
" night air,” but Jiave killed tnosfiitiioes, 
in malaiious countries or anywhere else, 
the disease has disap])eared. 1 he seend of 
success is to know what to go for. And, 
similarly, we shall abolish half, or rather 
four-fifths, of our disease in this country 
when we know what to go for. 

The summer of the jnesent year has 
furnished a tragic ilUist ration. \'ast num- 
bers of babies died. Uninformed people — 
some of them, unfortunateh', informers of 
the public — said that the state of the air, 
due to the ]n*olonged heat and the absence 
of rain, caused the babies to sicken. It 
was nothing of the sort. 

The trouble lay in the fact that there was 
no rain to wash away dust, and that dust 
and flies between them infected the babies' 
milk and other food with noxious and deadly 
germs. So long as we talk nonsense about 
tlie peculiar properties of The air. this will 
continue to ha})pcn. in grt*ater or less degree, 
every summer, as it has done for ages past ; 
but if we look for what is in the air, the 
dust and flies and microbes, and protect 
our children’s food, all this ghastly and easily ^ 
prev’entable slaughter will cease. For 
ages men talked about night air. and died 
of malaria ; now they get rid of the night 
320 


moscpiitoes, and are well. If we thought 
less about the air in itself, and killed tli(* 
day-fly as men kill the night-mosquito 
in the tropics, we should save our babies. 

Surely enough has now been said to 
prove that we have hitherto looked rather 
unintelligently at these questions. Hut 
if we need further confirmation as to the 
real differences between different kinds of 
air, we can soon find it, in two ways. 

The Mistake which was Made when Germany 
Invented the Open-Air Cure 

In the first place, all the advance in oiu 
knowledge of disease for the last twenty 
years has gone consistently in the direction 
of disproving that any gases or constituents 
of the air cause disease, and of proving that 
dis(‘ases apparently due to the air, and 
diseases apj^arently conveyed by air, are diu* 
to microbes, and are conveyed by insects. 
To take the greatest instance, when tlu* 
“ open-air cure ” for consumptu^n was 
invented in Cierniany, the i(U^a was that 
breathing the air of the pine-for(5sts. in 
which the first .sanatoria were built, would 
strengthen the patient and purify the body, 
his (iisease bidng sup])osed to be sim])iy 
a kind of internal weakness and wasting, 
'file open air was to invig(u*ate, and I he 
piiui odour w'as to purify. Tlui discovery 
of the microbe of con.sumption, and its 
conveyance by ex})ectoration, and hence 
by dust, from the sick to the sound, means 
no. less a revolution than the discovery of 
the moscpiito’s part in malaria. 

This is not hair-splitting ; it is practical 
politics for everybody. It means that if wi‘ 
only have the sense to control and prevent 
infection, which can be done 
sanatoria in ])inc foiests or aiiywdiere clsi* 
arc unnecessary. It means tliat people may 
be cured, and their friends protected, an\- 
where, if they know wdiat to fear and avoid. 

Not the Air that Matters, hut What is Put 
Into It 

It means, moreover, that the cost of 
abolishing consumption, and all other 
disea'^es due to infection by and through tin* 
breathed air, may be reduced cnormouslx' 
if w'e once grasp the fact that it is not the 
air that matters anyw here, but wdiat is put 
into it. Dust matters, dirt matters, animal 
e.xcrement — in which flics breed and feed 
matters, dark rooms, with darker corners, 
small wdndows, that let in little light, 
spitting, wdiich infects the dust our clothe.^ 
and boots and skirts gather and briu.a 
indoors, wdiere its microbes arc in safet\ . 
and w^e arc therefore in danger — these 
arc the things that matter. 
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111 the second place, nothing is more 
unexpected or signilicant than the fact that, 
w hen we examine the different kinds of air, 
the differences are found to be absurdly 
small ; and that when we try experiments 
in order to see what the effect of these 
differences upon our bodies may be, we 
rominonly find no effects at all. The com- 
position of the atmosphere of our ]danot 
lUH'cssarily varies in many ways at all 
times. But on the wliole it reiiu-'iiis aston- 
ishingly uniform. Tlie wind, and what is 
called the “ diffusion of gases,” by which all 
the gases in a mixture tend to mix them- 
xlves ecpially throughout the mixture — 
llu'se two agencies constantly tend to 
the composition of the air uniform. It is 
morally certain that, ninety-nine times out 
of a hundred, when people go away for 
“ change of air ” an ancient ])lirase in- 
\cnted for its obvious convenience when 
tloctors knew nothing — th(‘y eitluM* g(d no 
change, of air that any chemist can 
measure in any way. or such change as they 
do get is of no imtiortanct^ whatex er. 

Wh&t Really Happens Wken We Go for a 
** Change of Air " 

In any case of so-called ” change of air ” 
it is certain that the air is the very thing 
ill whicdi there is the least change. There 
i^ change of scene;, of room, of p(*o])l(\ of 
associations, bodily and numtal, change of 
food, and, above all, and more important 
than all else ])ut together, chaiige.of thought, 
ciiaiige of the mind’s air, but so far as 
the air of the lungs is concerned there is no 
change worth mentioning, ex(\;pt, indeed, 
that, as a rule, when i)eople take <l ” change 
“I air,” they do make the change that they 
sp»‘iid far more of their time in the open air. 
lliiis, the person liable to iiitluen/a and 
hioiiehitis, and colds and tonsililis, and the 
‘"iisnmptive also, jHasons wlio havi; been 
living largely in rooms richly infected with 
llir germs in cpiestion for which of ns 
<li‘'iiilccts his house after having had a cold ? 

get away from these risks, real though 
in\isible, in which they live, and profit 
•ircordingly. If we lived in a den with a 
which was ajit to bite;, and tlum went 
‘iway, Wr; should not attribute our immunity 
fnmi wolf-bile to ” change of air,” but to 
ahsence of wolf. Just so in the cases under 
hKcussion. 

\^'itllin the last three years a number of 
\v researches have added force to the 
^^viicnil argument of this chajiter. There 
|*‘iuained several di.scascs, siicli as typhus 
and the pellagra of. the Italian 
h'-isant, and several more, which did 
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seem to depend more probaldy upon S(;mc 
kind of injury wrought through the air 
than anything else. Probably smallpox and 
di])htheria should be added to the numher 
of these diseases. Such insects as mos- 
quilo(‘s and gnats certainly had nothing 
whatever to clo with the cause of them. 

The Air lhat is the same Everywhere, and 
the Different Things it Carries 

It was reall\' the ” confined air ” ot 
houses, or the. ” devitaliseil air,” as un- 
scientific people distinguish themselves by 
saying, that causet^l people to fall sick of 
these ” low fe\ ers.” and their allies. Typhus 
lever, which used to he called gaol fever, 
was su])])osed to be due to the lack of 
ventilation in ])risoiis. J.et no one supj^osc 
lhat scicMue cloes not now demand more 
and better vcMitilatioii than ever, as we 
shall see, but let us understand why we 
want it, and what else we want. Air has 
nothing to do with these illn(;sS(‘S, neither 
coiilined air, nor devitalised air, nor night 
air. nor shun air. 

Hi'ie. again. l(;t us always remember, it is 
microbes and iiisiH ts that are man’s greatest 
eiiemi(*s. Tlu'se low fevers, gaol fevers, 
starvation fevers, and the rest are microbic 
disi’ases ol which the infection is conx'eyed 
l)y ins(‘('ls - after the ])arallt‘l ot malaria, 
'file iiis(‘cls are things like blackbe(;tl(;s and 
cockroachi‘S, and other disagreeable and 
deadly creatures nourishing in dirt and 
darkness ami in slums, which are tlie 
swamps of cities, where disease is bred for 
all cla.sses, as “ malaria ” is bred in the 
swamps of Hit; tr()j)ies. 

The Air and Light that are the Enemies of 
Dirt Everywhere 

Tlie value of ventilation, of fresh air 
and light, in tlu* modern ])rison, and in the 
motlt'l tenement and the garden village, 
is beyond all tiuestion, but we must know 
lhat this is not because there are. magical 
ditferences between one kind of air and an- 
other. but because air and light are enemies 
of dirt, bt'canse tlu;y helj) to sterilise it, 
and becanst; they help to reveal it, so that 
the housewife sees it and removes it. * . 

The f()n;going is probably quite unlike 
w’liat the reader would have expected. 
But it is a very necessary attempt to cl(*ar 
the air ot this discussion ; and now^ we 
have cleared the air of' its microbes and 
insects, we can see how' to study it on its 
owai merits. It lias its own m(;rils, and its 
own questions are important and interest- 
ing. but its inhabitants are vastly more so, 
and their existence had to be recognised 
before we could proceed farther. 




A FRKNCH FiATTI-KSHM* DRIVEN BY THE STEAM TLRBINE 
'riKvKiij>lish Steam tiirt)ine, invented by Sir Charles Parsons, has made its way into the workshop^ 
and navies. of all countries, ami is rapidly displacing the older form of piston engine which heldsu i) 
* from the days of George Stephenson until recent years. 
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A REVOLUTION IN STEAM 

The Greatest Step Forward in the Use of Steam 
Power since the Days of Watt and Stephenson 

THE TURBINE THAT CAPTURED THE WORLD 


I T is a pleasant and surprising experience to 
leave the .engine-room of any ordinary 
large steamer and go into the turbine-room 
of the swiftest of our vast modern liners. 

In the first room, where jfiston engines 
are used, the brain is stunned by the tliud, 
rock, Jind whir of the heavy, spacious, and 
intricate machinery — cylinders, pistons, and 
piston-rods, connecting-rods, cranks, and 
shaftings. Tn the second room, where the 
steam turbine is employed, all that can be 
seen of the engine is a large barrel of blue 
steel, from which emerges a (piitdly spinning 
shaft. There is scarcely any noise, and no 
vil)ration ; less space is taken uj) by 
machinery, and instead of a group of grimy 
attendants, only a few men are required to 
look after several large turbines. The steam 
turbine is less costly to build than the piston 
engine, and cheaper to install, as it does 
not need lieavy foundations. Less coal and 
very much less lubricating oil arc used, ancL 
\'et more power is obtained. In many 
piston engines about two ])ounds of coal 
arc burned to obtain the energy which the 
steam turbine extracts from one aiul a half 
])oiinds of the same kind of fuel. In electric 
gonerating-stations especially the introduc- 
tion of the turbine has reduced the coal-bill 
to two-thirds of what it used to be. ; 

About fourteen years ago, when the steam 
turbine was still commonly regarded as an 
expensive toy. Lord Kelvin acclaimed it as 
the most important advance made in the 
use of steam power since the distant days 
when Watt invented his new' prime mover. 
At the present time there can be no doubt 
that Lord Kelvin w'as right. By the in- 
vention of the steam turbine Sir Charles 
Algernon Parsons has effected a tremendous 
‘Uid far-reaching revolution in the use of 
^Jeam power. He has greatly cheapened 
the cost of converting the energy of coal into 
electric power ; he has given his country 


warships and j)assenger steamers speedier in 
mov'ement and steadier in rough seas than 
the boats run with the old type of engine ; 
he has enabled manufacturers who cannot 
ytd afford to scrap their old-fashioned 
engines to get work out of the steam wasted 
by their present prime movers ; and, what 
is perhaps his greatest achievement, lie has 
taught (mr engineers the value of science. 

The fact that the steam turbine is a 
British invention may seem very flattering 
to our national pride. It may appear (piite 
natural that the nation which brought about 
the industrial rev^ohition by inventing the 
old steam engine should have been first in 
the field in the discovery of tlui new prin- 
ciple of the steam turbine. But the plain 
truth is that (heat Britain did not deserve 
the advantages which she is winning from 
the inv'ention of Sir (_'harles Parsons. The 
st(’am turbine was conceived and worked 
out into a practical jnece of machinery by a 
method opj)()sed to the |wevailing engin- 
eering j)ractice of onr nation. Sir Charles 
Parsons has not only provitled his country- 
men with a new' prime mover of high 
elhciency, but he has given them a. very 
necessary lesson in scientific research. 

There are two ways of arriving at a new 
idea in mechanism by rule of thumb and 
by science. In our country, things used 
to be slow’ly worked, out by continual 
workshop practice ; and our success has 
unfortunately made us rather sceptical 
of the larger and mon^ scientific w'ay of 
attacking a problem. Two hundred years 
ago, when little or nothing w'as known about 
the sciences of Jieat and movement, our 
engineers w^ere building useful steam engines. 
It is said that a country, boy discovered the 
superbly important principle of the auto- 
matic valve by attaching to the moving 
shaft the string he was employed to pull. 
By mother- wit of this sort, and good 
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craftsmanship, the old steam engine was 
gradually developed into a rnagtiificent 
instrument of power. 

It is true tliat many men of science 
pointed out that the most peifect steam 
engine wasted a very great deal of eneigy; 
our practical engineers were well content to 
v\^astc it. From the point of view of mere 
theory they admitted that 
their engines were defec- 
tive. In order to drive a 
shaft, the straight to-and- 
fro thrust of a piston had 
to be converted into a circ- 
ular motion. This necessi- 
tated a web of macliinery 
between the jnston and 
tlic sliaft, and ccmsiderable 
energy was tlius lost in fric- 
tion. Could not tlie steam 
be sent directly on to the 
shaft, as water was sent on 
to a waler-wliccl ? No; it 
could not be done, said 
every practical engineer. 

But Sir ('harles Parsons 
was, ha])pily, * something 
more than a practical 
engineer. A son of the 
famous Earl of Rosse, who 
built the largest teh'seope then in the world. 
Sir Charles was brought u]) in a circle where 
the study of science was pursued with 
disinterested passion. Among his tutors 
was Sir Rol^ert Ball, the great astronomer. 
Mechanics, however, were the chief delight 
of Sir Charles and his brothers ; and while 
still but lads they built a steam motor-car 
which ran at the rate of ten miles an hour. 
In at the age of nineteen. Sir Charles 

went up to Cambridge. He studied mathe- 
matics and came out eleventh wrangler. In 
1876 he entered the Elswick Works as a 
pupil, aiul quickly distinguislieil himself as 
a promising young inventor. He tried to 
improve the steam engine by making the 
cylinder revolve ; and he was fairly suc- 



SIR CUARLl 
Iiivontorof the .steam 


cessful, so that a well-known firm con 
structed .some engines on his new model, 
But in 1883 he came to the conclusion thai 
the steam engine could only be improvet 
by smashing it up and making it in ai 
entirely new way. 

A great practical advance had recenth 
taken place in electrical industry. Tin 
improvement in the water 
wheel — as embodied in tht 
water turbine — ^wa^ 
enabling electrical engin 
eers to utilise the power o 
rivers and w’ater-falls. Tin 
water falling on the blades 
of the wheel producetl ii 
direct rotary movement 
No rods, crossheads, ni 
cranks Wert*, required. Coul( 
not steam be used on a tin 
bine in a way similar ti 
that in which water w:c 
employed ? That was tlu 
question that Sir Charli- 
Parsons asked himself. 

Now. water acts on ; 
water-wheel mainly by it^ 
velocity, and steam also Irr 
a velocity as it issues froii 
the boiler. So the youni. 
inventor sought for information about tlu 
velocity of steam. He found, liowevtir, tli.ii 
nribody had troubled to make any researclu.' 
.into the matter. The engineers of the d.u 
wen; contimt with some knowledge of tlu 
pressure of steam on a iiiston -a pressim 
that could lie felt to be almost irresistihU* 
The little steam jet, issuing at immiaisi 
veIocit^^ was disregarded as feelile nm 
wasteful. 

Tlie ])r()pertics of this little steam jet wen 
the thing that Sir Charles set out to exaniim 
by scientific experiment and calculation 
He had in mind a steam-wluH^l, with a row 
of tiny blades sticking out around it, whirl 
might be set in motion by jets of steam, b 
1884 the hrst steam turbine was built. I 
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TllJi: LITTLK BOAT THAT BECAMH A GREAT STEAMER 
It w:is thesb liliy boats, worked by a iwiNted skein elastu', which were really the forerunners of the turbine strainer, and it i.s ou. 
expcriiiieiits with tliese toys that the mighty turhinc ocean liners of to-day ha\c grown. 


324 • 


GROUP 8-POWER 



WllA'I Tin*: INSIUK OK A STIIAM TrKP.I\*I-: IS I.IKI*- 


!:;rf-al fivoil r vIItkUt is a jicrfcLtly balaiu i-il sliafi r.iUf«l .i ilriiiii, wiili tli>>us.i)i(ls uflitiK- v.nu's, oi IiI.mIcs, ai riin'^»‘il mi'nil it in 
'I'ln* >train riilris tlir !.■> linil«.*i and strilv«*s against tlu: vaiu*s, tuiiiiiij; llu* diuni ainl iixolvin-.; a sj ri-w* m «»ilitT m.n liiiitrv. 'J'ho 
s'.f.iiii is I'unstantly »liri*«'tt*il up(»n the vanes of the ihutii l>y tur\ctl vanes fi\e«l t<i the < \iincKi. At the lar eiul the diuni in* leases in 
iiMiiii'l*. r, to present a i;i eater sin Iju i* to the steam as its lor*.'** nets spent. 'J ho .ste.im letni ns aloiiu spares onl^iile’lhe drum, ami, pi essin.;' 
in th*.- ».ip|»i.)sii<. tlireetion, pi events the \\li >!e lurhine from heinj^ ]>nshe*I I'uiwaul. 


now stands in vSontli Kensington Museum, 
beside tlic engine of James Watt and 
I lie IMiffing Hilly and the Rocket. 

I'>y this invention (.)f a new prime mover, 
Sir Cliarles Parse nis 
created a strange revo- 
lution in the history of 
the steam engine. Inn* 
his achievement served 
iiulirectly to show that 
.m ancient (neek was 
the real discoverer of 
tile ])rinciple of the 
^lt*am engine. 

A hundred and thirty 
> t ill s before the 
f liristian era, Hero of 
Alexandria described a 
tnachine which was 
'\')rkcd by steam. But 
lie used steam i)Owcr 
obtain a reaction 
’■Itccf. he was regarded, 
dnlil the ap])earance of 
die steam turbine, as 
d man who had begun 
< 11 1 i rely on a wrong 
tidck —on a track that 
lidd never led to anything useful. Hero's 
!‘iij^ine consisted of a hollow, ball, mounted 
the middle upon two pivots, one of which 
^'ds hollow, and ser/ed as a steam-pipe 


from a cauldron Ix'low. The ball was 
fitted at t(^p aiul bottom with two bent 
no;(';ijles. through which the steam (iscaped. 
The unbalanced prissiire due to the escajie 
of the high-pressure 
steam, at an angle from 
the hall, caused the 
ball to revolve on its 
])ivots. Unbalanced 
pressure of this sort is 
called reaction ; an 
engine that works with 
this ])ressnre is calleil 
a ri^action engine. 

Now, the Parsons 
steam turbine is a 
reaction engine. So 
its utterly unexpected 
success carries back 
the fame of inventing 
the ])rinciplc of the 
steam engine from 
Newcomen and Watt 
to the ancient (ir(‘eks. 
It was not, however, 
from the engine of 
Hero but from the 
m()dern water turbine 
that Sir Charles Parsims devel()ped the 
principle of reaction. 

There are two kinds of water turbines - 
reaction turbines and impulse turbines. 'I'hc 
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JlOW TIlC STKAM TURNS THK TURUINK 


'riii.'N sli*)ws h*i\v the particles of steam strike the vanes on the 
driiiii, and .are then deflected hy the vanes on the inside of ilie 
cylinder, as to be thrown *lirectly upon the iie.\i rinj; *if 
vanes on the drum. 'J'he Jrawinj^ is, of ci>urse, imich 
simplified ;.the vanes are really long blades. 
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Pdton wheel is a good example of the 
impulse type of water turbine. It consists 
of a wheel with little buckets fixed on the 
rim. The water is discharged through a 
iioz;^le, and strikes the buckets in turn, and 
so makes the wheel revolve. In the water 
turbine of the reaction type, power is 
obtained from the falling water in another 
way. The water does not strike the buckets 
or blades on the wheel directly ; it first 
passes a ring of immovable blades, which are 
called guides. The water passes through 
the guides, and these direct it on to the 


series of jets, on to the moving blades, with 
the result that the great shaft begins to spin 
rapidly round and round. 

Now. steam — -unlike water — expands 
when its ];)ressure falls. Its velocity there- 
fore is far greater. The moving blades 
against which it strikes when it passes 
tlirough the fixed guides — revolve at a high 
speed. The speed is indeed so great, .as to 
be useless for most purposes. 

The inventor reduced the high surface 
speed of the blades by dividing the fall in 
the pressure of steam into a number ol 
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blades of a moving wliecl. It is more l)V 
pressure than b>' velocity tliat the water 
acts on a reaction tiirbiiu'. 

The principle of tho Parsons steam tur- 
bine is similar to that of a reaction water 
turbine. There are two wheels — one with 
immovable guides, which is fixed inside 
the great blue steel barrel ; and .another 
with moving Idacles, which is fixed on the 
large, revolving shaft inside the cai^ng. 
The steam enters through a hole in the 
bottom. It first passes through the ring 
of fixed* guides, and these direct it. in a 
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stages, and by using a difierent t urbine-riiii; 
of fixed guides aiul moving blades for eacli 
stage. A Parsons turbine consists of a fairly 
large number of fixetl wlu'els and of niovini,' 
wheels. TJie fixed wheels are formed h\ 
inserting rings of immovable blades - "i 
guides, as they are ]iro]ierly called — on the 
inner side of a cast-iron barrel ; the moving 
wheels are constructed by inserting rings <>1 
moving blades on the large drum wJiich 
turns round inside the barrel and ends in 
projecting shaft revolving at a great spcc<l. 

A steam turbine is thus formed of twn 
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‘Kixc; DOWN UPON TllK LOWKK JIALFOF TIIK TUKHINK CYIJNDKK, WITH ITS KINGS OF 1 'I N IJ ) VA N J-.S 
■ turbines of a liiii^e liner have more tlian a million blades, eac'li one Hxecl In liaiid. The lorre of 
^leam is so ^reat tliJit one tiny vane, or blade, wt^ij^hinj^ only half an ounce, will *. xeil a pull <)f duet • 
ulers of a ton when the steam is play ini* upon it- The meaninii; of the woid “ lurbine ” is “ w hirlw and.” 
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parts : the barrel — ur cylinder ; and the 
moving drum — or rotor. On the inside of 
the cylinder are many rows of inwardly 
projecting guide blades ; on the outside of 
the rotor are many outwardly projecting 
rows of moving blades. When the rotor is 
fixed within the cylinder, there is formed a 
ring-like passage for the steam, and in this 
l)assage the steam first passes through the 
fixed guides of the cylinder, and is broken 
up into jets which hit against the moving 
blades. Then from the moving blades the 
steam jets jxiss into aiuUher row of fixed 
guides, and so on. It will be seen at 
first glance that the ])rinciplc of the steam 
turbine is superior to the principle of the 
piston engine. In the ])iston engine, the 
steam enters a cylinder and j)resses forward 
a steel disc, mounted on a rod ; the up-and- 
\lowii movement ^)f tliis rod lias to be 


expanding steam, Sir Charles Parsons ha 
to build his turbine in a way different froi 
that in which a water turbine is constructcc 
He arranged his rings of fixed guides an 
moving blades in sets. The first set i 
rings was comparatively small ; the secon 
set was larger, and the third set was -large 
still. In Hie engines of the Mauretaiii 
there are more than a million blades, an 
the si^es of the blades are successive! 
enlarged ; those at the beginning, wher 
the steam enters, are 2J inches in lengH 
but those at the end are 22 inches long. A 
a matter of pure theory, each double lin 
of fixed guides and moving blades ought t 
be larger in size than the ring just befoi 
it. so as to make the most of each exj)ansi«) 
of the steam. Hut. as a matter of ])racliiH 
it is found best to arrange the rings i 
stages of the sauu^ size ; in some of Hi 


transformed into 
a revolving 
motion in order 
to turn the shaft. 
In the steam 
turbine the shaft 
itself is fitted 
with rings of 
little lilades, 
against wJiich 
the steam is im- 
pelled. This is, 






m 



i\l a u re t a 11 i a* 
engines, for e.\ 
am])Ie, there ai 
five stages o 
rings. Idle eiu 
stage is loir 
and high, am 
the three inti'i 
mediate set 
diiniiiish i; 
capacity dowi 
to the first siiial 


of course, a far 
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stage. 


mOl e diiect and 'riicsc rinses «.>r mft.'il M.uIcs ar« rc.aiy :i tU’VtrlopimMit of i 1 m‘ of ilii.' 

ellicieilt wav^ of <»l<i 'Vater-mill, .steiun tiikiim the plarc of water. To keep tip the Mijujly of .s|r:iiii 
in a jircat liiitT like the .Uatirotania, liiciv aio twenty-live Im.uc boiler.s unli ;i 
using steam. 1 n-ating snrfat « tHpial to an ;irc-;i of ilirce ainl tlirtie-cpiarlur ai-re-J, ami tlu- 

T - iioiltrs art- hratoil by no Icwer th.iii oini hiimlml ami niiu'iv-l\vo fmiiait--, 

LIlllOltnnatelN . bmnin.; a thou-,an.l Ions of , o.,l a clay. 

there were 


So sneees!-li; 
was Sir ('harli 
Parsons in mak 
ing use of tli 
expansive fort 


several very great diiliciilties to be sur- of low-pressure stt'aiii that he is al)lt‘ it 
mounted before 1 lie steam turbine was made build turbines which run with steam at 


into a practical prime mover. In the ver\' 
earliest single-acting piston engine, steam 
was admitted during the whole stroke. '*'his 
was a very wasteful way, and a much more 
economical method was (piickly discovered 
by Watt. He cut off the steam as soon as 
it had pressetl the piston onc-fifth of the way 
down tlio cylinder, and thus let it expand 
and force tlie piston to complete its 
stroke. 

Steam is really an inVasihlt! gas ; the white 
cloud of va]x)iir which aiises from boiling 
water is not really steam, but minute 
particles of water formed by the condensa- 
tion of the gas as it comes into- contact 
with cold air. Like all gases, steam is 
highly elastic. Under pressure it becomes 
smaller in volume ; and if Hie pressure falls 
without loss or gain of heat, the steam 
expands. In order to extract this energy from 


low a pressure that it is emitted as wa^i 
from tlie best ])ist(ui engines. Tiirbiiu*' 
indeed, are now often attached to tin- 
engines in order to pick ii]) the power the 
throw away. Some manufacturers make . 
still more remarkable use of the steam ii-'^e» 
in their iiulustries : they divide its woi 1 
between a Iiigh-pressure turbine with slid 
blades and a low-pressure turbine with Ion; 
.blades. After the steam has driven Hi 
first turbine, some of it is led through a pij- 
and made to heat vats or other places vvlie: 
material has to be warmed the rest passi 
into the low-pressure turbines, and produce 
in a dynamo electric power to light am 
drive the factory. 

When Sir Charles invented his pionev 
turbine in 1884, he hardly dared to dreai 
that it would grow into a tremendous an 
wonderfully adaptable juime iiKivcr. A 
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TiniHTNKS VOH tiAS b'ROM IkON 

'l lie turlio-exli.ujsK'r, shown in ihis pii'inrc, is ic\<»lmii>iusin'4 iln' iii.nnifat iin i- 
tif i'oiiaiiU It is a Kiii<l ol’ fan which ..»• 


lie first aimed at producing was a new 
type of rotary engine for converting the 
energy in coal into electrical power. The 
little turbine that now stands in a glass 
case in the South Kensington Museum was 
born with two grave defects — it ran at a 
speed of 18,000 revolutions and more a 
minute— an ex- 
rollent rate in 
a special kind 
of fan, perhaps, 
but useless for 
driving any 
machinery or for 
working any 
e xisting dynamo, 
lb it the worst 
point of all in 
the little experi- 
mental turbine 
was its extra- 
ordinary waste 
of energy. 

Engineers of the 
old school nick- 
named it “ the 
>team-ea ter,” 
and liopi'd that its slioi'king iiii.-irK'iene\' 
would con vn'nce its \'onng imenloi' tliat his 
lu'w-fangled principb* was ntlerh' impossibli* 
111 practice. But the young inventor is hard 
to discourage. esp(‘ciall\' when he possesses, 
in addition to a 
large fund of 
new scientific 
knowledge won 
h\' long and 
eostly experi- 
ments, a 1‘emark- 
able mechanical 
ingenuity, land- 
ing that there 
was no dynamo 
iliat would run 
^^ith his primi- 
tive turbine, Sir 
t ha l ies Parsons 
invented one. 

A dynamo is 
device for 
liansformingthc 
power derived 
hoin steam or 
water, gas or oil, 

into elextrical energy. Steam, for example, 
i> used to drive a shaft into which there 
Itave been built, in a very comjdicated wav. 
‘k* vices for generating electricity. In 1884 
piston engine could create, with its crank 
"l^nfi, a sufficiently rapid circular motion for 



a dynamo. It was, indeed, this delicieiicy 
of the piston engine which had all along 
stimulated Sir Charles Parsons in liis ex])eri- 
ments with the new turbine principle. His 
pioneer turbine seemed at first, however, 
too much of a good thing, e\'eii for the j)iir- 
pose of generating electricitw Instead of 

s|)i lining tlie 
dynamo round 
at 1,500 revolu- 
tions a minute, 
as the piston 
engine did with 
S(nne loss of 
energy in gear- 
ing, the tiirbini' 
sfiil it whirling 
at the tirrilic 
^peed ol 18.000 
linns a iniiinte, 

( )n cx eiA’ pound 
weight of l]ii‘ 

gfiUMating shat I 
there acted a 
centrifugal forci‘ 
of about live and 

mplK-. l.r.s, 

a.^ tli(‘ >balt wa> coiiipoM'd ol xaiious 
inal(‘iials that would not siand mucb 
strain, there wa-^ a daiigi“i‘ ol its splitting 
up and living in mmdiMous Iragiiuails 
about the loom. Sii (diaries, tberelore, 

liad to (‘1)11- 
stiiK't a luwv 
and s t r o u g(‘ r 
kind of (K naino 
befort' bis tur- 
biiu' was abl(‘ to 
w oik w i t 1 1 
^at(dy. Wdu'U 
Ibis ditfimilty 
was o\'i‘reome, 
tilt* liardiM' task 
r e 111 a i 11 e d o f 
ti anslorming the 
t u r hi 11 1‘ itsell 
from a st(‘ani- 
ealiM- into a 
steain-sa\ er. P'or 
four years the 
inventor went 
oil with in’s 


FIXING THOUSANDS OF Jil-ADFS ON THK DRUM OF A TITRUINI-: 

:M;hIc of copixT iiiixtcl w ilh Ihct Uiiliiiu* bkules arc li}»hlly li.miiiinvil with y.-' 

woollen iiiiillcls into i;roovc-x inside die j^reat drum, aiul then pieces of imtal an; COSlly aiKl 111 - 
tixed hciweeii du-iii to hold them in place. gCllioilS eXJMM'i- 

ments, and in 1888 he produced a turbine 
which required only about a (juarler ol tli(‘ 
amount of steam iisikl in the jtioiieer (‘iigiiie. 

By tliis time tlu^ steam turbine liad In'en 
elaborated into a splendid instrument ()f 
power, aiul Sir (diaries liaisons was working 
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out the problem of ada])ting it to swift at Heaton, Newcastle, and built — a failmv 
steamers. Hut in 1889 a difficulty arose. His idea, however, was practical, and witl 
The firm of Messrs. Clarke, Chapman & Co., some brilliant fellow-workers he continuec 
of Gateshead, with whom Sir Charles had his experiments for four years, 
been associated as junior partner, terminated Now, in the very year in which th( 
his partnership, but retained all the rights Itnglish inventor was compelled to abandoi 
in his wonderful patents. Tlie inventor his reaction principle, a Swedish inventor 
was naturally mucli upset at losing com- Dr. Gustave de Laval, of Stockholm 



\ RIXG OF Till-: MAUKKTANIA’s TUKBINK-ORXTM, which whirls round at 720 MILFS AN IlOl'K* 

'I'his .slum’s how woiuU i fully tin.- Hlth* hhules ai«- li\fil ii|n.in the hi>' driiiii a tiirliiut:, ready to seize llie fonc of tlic lli.i' 

rushes upon them. In some turliiiies ihe steam riislies thtoii.i'li at 48 miles a iiiiiiute. a rale .suflirient logo round liie world in t’J hum'- 

pletely all tlie fruits of his genius at the invented aiijmpulse steam turbine, (kmera II \’ 
critical moment of liis career, but his spirit speaking, the impulse turbine is set in 
was not broken. Being prevented from motion in the same sort of way as a Pelton 
using in any way his disco veiy and applica- water-wheel, on the rim of which is fixed 
tion of the reaction principle in steam a ring of iron buckets, so that the water, 
turbines, he resolved to work out another falling swiftly into these buckets, bears them 
design found in certain water-wheels, down by its impulse, and so turns round the 
In 1890 he established the now world- wheel. De Laval placed a circle of metal 
famous wbrks of C. A. Parsons and Company buckets in the rim of the wheel, and 
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TUKlilNES MANUFACTURING LIGHT AND rOWKR FOR A LAKGR TOWN 

^ 'll biiK^'s are particularly valiirfble for use in electric power stations, as they generate the electricity M 
‘‘ '^Rich cheaper rate than any other kind of engine, .and thus make it more and more available h>r 
1‘1‘Uistrial and domestic use. The lower picture shows the turbines of the Newcastle hdectric Supply Ct). 
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BUILDING UPTURBINES FOR A GREAT LINEF 



THK DRUMS AND CYLlNDJiRS OF AN ATLANTIC LINKR’s TURBINES IN COURSE OF CONSTRUCTK 
'I'he upper picture shows a set of powerful turbine exhausters suckinj; the jjases out of huge furnaces. ’ 
which iron is being melted. Turbines revolve so smoothly and quietly that even with the hand on ili 
outer casing it is .sometimes impo.ssible to say if the turbine is working. 

33*2 





HrUTi TURBINES THAT DRIVE A POWI^RFUL MILL. FOR ROLLING OUT IRON AND STEEL PLATES 
I Ilf" turbine is fast beconiinjr the industrial maid-of-all-work. A high-pressure turbine will drive the. 
Ilf iviest machinery, and let out steam to warm the rooms. A low-pressure turbine* then 

ihe steam and turn.; it into eleclric'al power for lighting the factory or for whirling ventilating fans. 
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directed into the buckets a jet of steam from 
a nozzle. By this simple arrangement he 
produced a steam turbine which was 
effective in driving light machinery, ^t 
was, indeed, much more effective than the 
earlier Parsons reaction turbine, and for 
some time, especially - on the Continent, 
its inventor was 
reckoned the 
pioneer of the 
steam turbine. Sir 
Charles Parsons 
was then unknown 
abroad, and ridi- 
culed at hoiiK?. 

But at last, in 
1894, Sir Charles 
came into his rnvn. 
as he was then 
able to recover his 
patent rights in 
liis original inven- 
tion. lie at once 
dropj)ed Iiis ex- 
periments on the 
new type of tur- 
bin(\ His five 
3’ears of laborious 
and ])urse-empty- 
ing research liad 
convinced him 
that the oh* tur- 
bine of 1884 was 
the best of all 
s t e a m p r i m e 
movers. A grou|) 
of tine enginecM’s 
of the seientihe 
school, now wild 
with enthusiasm, 
helped him to 
overhaul the poor 
old ' ‘ steam-eater.” 

First a loiig series 
of tests was made 
to ascertain the 
best form for the 
blades ; then the 
interesting prob- 
lem of clearances 
was solved. 

When the casing, 
in which the fixed 
guides arc set, is screwed down on to the 
drum — into which the nioviug bkides are 
inserted — space must be left so that the 
guides do not touch the ilruin, and so4hat 
the blades do not scrape the inside of the 
casing; This s])ace is called a clearance, 
and there arc really two clearances —the 


casing clearance, and the drum clearance. 
If they are appreciable the steam will 
escape along them instead of doing its 
j)roi)er work between the guides and blades. 
These clearances, however, were now n - 
duced to microscopic proportions, and the 
steam, as it passed out of the turbine, was 

sucked into a con- 
denser. By sueli 
means the steam - 
eater was trans- 
forme d into a 
marvel of economy 
and ])ower. Tt was 
ready to sail the 
seven seas and 
spread over tlu- 
w o r 1 d o n its 
marvellous career 
of conquest. 

The first marine 
turbine, howevd. 
was a curious 
failure. Tried in 
iS()4. on a little 
boat named the 
'rnrbinia, it sent 
t li e |) r o ])e 1 1 e r 
whirring through 
the wat(‘r at a far 
higher speed tlniii 
the best piston 
engine had done, 
but the boat itsell. 
instead of going 
(piicker than an 
ordinary vessel, 
only crawled 
through the watin ! 
More experimt'iits 
had, therefore, to 
be undertaken. A 
co])j)er tank was 
tilled with walei. 
and windows wvvv 
])laced on both 
sides. In the 
water a ju'opeller 
was revolved by 
means of a shalt 
entering the copj^m’ 
tank. Photo- 
graphs were taken 
through the windows. It was then dis- 
covered that when the .propeller spun 
at 1500 revolutions a minute a kind of 
cavity was created, and the energy of the 
screw was expended in maintaining thi*^ 
air-space, instead of pushing the wattr 
away, and sending the ship forward. 



WllV THE FIRST TURBINE WOULD NOT GO 
'I’Ih* lirsl lurbine uii lit*r trials «licl not ftti at the speed expected, and 

ihi-s.vvas found to be bei'.iiise the propeller whirled at such a rale as to create 
an air space roiiiitl it. so that the screw revolved in air and did not touch llie 
Till- cliH'icuIty was oveicoiiie by alteiini' the >)iape of the .sc’rew. 
'I'hese photo};raphs show the air cavity round the sciew. 
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Having arrived at a clear inulerstaiiding 
(^1 the strange new ])robleni of cavitation 
-as the formation of these air-cavities 
IS called — Sir ('harles Parsons invented a 
new form of propeller, and a lu^w arrange- 
ment ni till* screws. In i8()7, at the great 
Naval Review, the tiii\' “ Turbinia ” as- 
tonished the world by its wonderful s])eed 
of thirty-four and a half knots ]>er hour, 
and the Ib itish .Xdiniralty gave the Parsons 
Marine Steam Tiirl.)ine Company an order 
lor a turbine-driven destroyer. Tlie Ad- 
miralty (Unnanded that th(^ vessel should 
have a speed of 7,0 knots the highest 
then obtainabU^ with ])ist(')n engiiu'S. Witli 
the turbine and th(‘ new j)r()pelh‘rs, how- 


ever, the destroyer ran at the rate of 
37-115 knots, or at al)out 43 miles an hour. 
The steam turbine had arrived ! 

It has now shortened the distance between 
England and America ; it has cheapened 
the production of (‘lectrical power ; it has 
introduced new economies into the manu- 
facture of iron and steel ; and a series of 
experiments conducted during the last two 
years has shown that it can be used to drive 
slow cargo boats more chea])ly than can 
b(‘ done with any kind of ])iston engine. 
In almost (‘V(M*y country the Parsons 
turbine is ousting the old type of engine, 
and (iri'at Hritain has regaiiual her ancient 
plac(‘ in engiiuH'ring scimice. 



lllii NJvW KIN'P OF KNGINE-ROOM ON AN OCr:AN LINER, IN WHTCU THE NOISE AND WHIRL 

OF THfi OtD ENGINES ARE ABSENT 
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Qjttoirnh^Tios^!nuabl^^ vegetable fibres of th« world, and the Rroxvinn:. spinniii}-, niu 

weaving of cotton probably employs more workers than any other industry 1 he United States u n 
its 28 million acres of plantations, supplies three-quarters or the world’s cotton. 1 he fibre mas o 
picked by hand ; and from a single pound of it may be spun a thread reaching trom Loudon to SaeiiK a'. 
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THE COTTON OF THE WORLD 

The Story of the Flower of the Field that 
Gives Work to Mill'ons and Clothes Mankind 

THE SOURCE OF LANCASHIRE’S PROSPERITY 


N interesting argument might he 
started as to whicli vegetable growth 
is most important to man. Is it wlieat 
for the feeding of the man of the earth’s 
temperate regions ? Is it rice, for the 
sustenance of tlie people of the warmer 
( liinates ? Is it the potato, which enables 
men to grow more food per acre, than in any 
otlier way ? Is it cotton, whicli clothes the 
vast majority of mankind, in part or wholly, 
and also indirect 1\' jirovides \’alnablc food ? 
Is it the vine ? Will it be the rubber tree ? 

While most of the peojde wlio read and 
write books would decide for wlieat as the 
most imi)ortant veg(;tal)le product, a case 
might be suggested for cotton, because 
admittedly its enormous imi:)ortance is 
enhanced by the fact that the earth does 
not provide any substitute for it. It is 
cotton or nothing for clothing the ])oor 
people of hot lands. 

Whether cotton is or is not the iiiost* 
important vegetable product, it certainly 
is the chief vegetable fibre. Nothing 
similar is grown to such a stupendous 
extent, or ticcasions the expenditure of 
such varied mani]mlative skill. In its 
manufactured form it is known to every man 
1 etweeii the arctic circle and the remotest 
li^quatorial swamps. Its growth has caused 
the greatest transplantation of a backward 
race from continent to continent whereof the 
world holds record. African manlKiod has 
])ermanently dumped into, and has 
annexed, certain of the American States at 
t he call of cot ton. It rules also t he destinies 
ol the most populous county of England. 

Gradually, too, its predominance is 
exteffding, for decade by decade it clothes 
an increasing percentage of mankind while 
its competitors in the world’s clothing trade 
are falling farther behind in the race, even 
''hen they are not slackening their ])acc. 
present, cotton has no rival ; nor will it 


have until a form of patent clothing is 
invented eriiially comfortable and attractive 
and more economical. Mankiiul wears 
three tiims as much cotton as wool. 

There is a striking universality in the 
use ot cotton throughout the world, if not 
through time, 'riiough wool was the wear 
in ancient luirope. and linen in ancient 
Egypt, the use of cotton was known, as an 
echo from the East. Herodotus was aware 
ol th(‘ “ t](‘(M (s from the trees,” and admired 
their effect in fabric form. lh)r nearly 
three tliousand yens, India has IkuI cotton 
manufactures unsurpassed in certain cpiali- 
ties. Thi‘ word “ calic'o ” itself is from 
the Indian town of ('alicut. When the 
Spaniards aj)pt‘aivd in AnKuic'a they found 
the natives of the Southern continent wear- 
ing cotton ganiKuits so well dyed that they 
sent tliem home as curiosities and as ])roofs 
of the stage of civilisation attaiiuul. The 
countries that now supply the world with 
its calico ])rints were backward in beginning 
the manutactun^ of cotton cloth. 

'riie modern change has been brought 
about, of course, /by the impetus of invention 
and an early start witli machinery. Euro])C 
lirst received the industry from the Moors, 
and it is said to have come to England from 
the Turks by way of Flanders, but there was 
no considerable progress until Richard 
Arkwright inventeil his ‘‘ water-frame ” 
for spinning, which enabled an all-cotton 
fabric to be produced by machinery, cotton 
being used for both warp and weft. Then 
England began to make the world’s cotton 
goods, and the American States to grow the 
cotton. 

C'otton can be grown only where th(;re 
is sufficient, but not too much, moisture, 
with ]dcnty of sunshine. It is subject to 
many diseases, and. except ufider constant 
conditions of a favoiirablii chaiacter. has 
a somew'hat precarious lile on the level of 
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prosperity. It has a long growing season 
from first to last. Fresh seed is planted 
in March or April by machinery, on prepared 
<ind manured ground, from which last 
year’s stems have been cleared, the rows 
being from three and a half to four feet 
apart, and. the seed-holes not less than 
twelve inches distant from each other 
in the rows- -four or five seeds in each hole. 

The Beautiful Ball of Tult that Springs out of 
the Bursting C3ttoA Pod 
In May, after the plants have been thinned 
out, sliowcrs are needed, and the active 
period of growth is from early June to the 
middle of August. The ])lant rises as a 
. shrill) from two to four feet high, branching 
broadly at the bottom and much less 
broadly at tlie top. The flowers appear in 
June, and are very slKfrt-livt^d. On the 
thinl or fourth day they fall to the ground, 
after having turned from white or yellow 
to a darker and redder colour, and they 
leave at the calyx a small capsule, which 
grows to the shape and si/e of a hen’s egg, 
ripening, through dry w(‘ather, in August, 
and bursting open in September. The 
bursting ])od, or boll, discloses a beautiful 
tuft of white lint, springing in separate 
hairs from the coating of a number of seeds. 

The object of these gossamer protuberaiuns 
is ultimately to tloat the seed through the 
air to its next year’s growing ground. 
That, of course, is not allowed : the seed and 
the attached lint are jiicked from the pods 
in time to prevent it. As the maturing does 
not all take place at the same time on the 
same plant, the gathering goes on for many 
weeks — through Se|)teml)er and October 
into November. The picking, a nv.'st 
tedious process, is done by hand, cffectixe 
machine-picking being one of the great 
needs’of cotton culture that are still unmet. 

The Ball of Tuft that will make a Thread 
to Reach from London to Sheffield 

The cotton plant is found in a wide 
tract of the world, its characteristics \ ary- 
ing with kind, soil, climate, and treatment. 
It has long ’neld its own in India, thrives 
well in Africa, and was indigenous to the 
West Indies and South America, but not to 
the United States, tliough the States now 
furnish 65 per cent, of the supply of the 
whole world. It is really a perennial shrub, 
but is treated as an annual and is planted 
afresh each year. 

Five different ty|)es of cotton may be 
distinguished from tlu‘ rest- -sea-island 
cotton, the longest and best quality, grown 
on the coasts of the Southern American 
States; long staple upland cotton, an 
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Asiatic type carried to America ; short 
staple upland cotton, of American origin, 
but carried to other countries — the most 
general form of the American product ; 
tree cotton, an Indian perennial of low 
value ; and bush cotton, an Indian variety 
used for muslins. Let us trace the average 
cultivation of the average plant on an 
‘‘upland” American farm. 

It is almost incredible to the traveller on 
one of these farms, as he gazes at the balls 
of tuft on the cotton plant, that a single 
pound of the finished fibre from these balls 
can be spun out so that the thread will 
reach 160 miles — from London to ShelTield. 
Let us consider how this feat is achieved. 

The cotton, when picked from the pod. 
consists two-thirds of seed and one-third nf 
fibrous filaments, or lint. The usual cost ot 
picking is two shillings for a hundred pounds 
weight of seed cotton, and a fast picker can 
gather joo lb. in a day. A good average* 
cotton (‘rop will be about twice as re- 
munerative as an average wheat crop at 
American prices, and is only half as exhaus- 
tive of the soil. A medium yield is about 
iqo lb. of lint to the acre, irresjHJCtivc of the 
seed, which is worth about one-fifth of tlu* 
value of the crop of lint. The picking ol 
the cotton is always carried on in the snn ; 
and after it is picked and loosely baled, or 
put in bundles, it is left in the sun to dry. 

The Invention thnt Appeared the Moment 
it was Wanted 

Til the early days of cotton-growing, 
the separation of the seetl and lint was t In- 
most tedious work associated with tin- 
])lant. and ke])t down production. TIu- 
rise of the American trade into promincnci- 
dates from the invention of what was called 
tlui saw-gin by Eli Whitney, a Massachu- 
setts man, who, after being educated nt 
Vale, found himself a schoolmaster without 
(unployment in South ('arolina, and, seeing 
the need for a better gin, invented one. 
Since that time the American cotton 
produce has enormously increased, multi- 
Inlying itself four thousand times. 

In the case f)f sea-island cotton, the see(h 
are but liglitl}' entangled in the long and 
silky cotton fibres, and can be more easih 
removed, but in the upland cotton, which 
is the common crop, they arc tenaciouslx 
attached. The second half of the eighteenth 
century had witne.ssed great advances in 
spinning in England. John Kay of Bury. 
Lewis Will of .Thrmingham, James Har- 
greaves of Blacki)urn. Richard Arkwright 
Preston, and Samuel Crompton of Bolton 
had successively introduced improv^cmenl^ 



PACKING THE COTTON- FOR THE SHIPS 



('otton, ns it is j^ntlicrt'd, is tak^n to a i;inni.*rv, where a tnarliiiu* like this sejiarales the ri])re from 
tin. seeds. 'The seeds, w hen pressed, j^ive oi.t a valiiahle oil, in which a j;ri‘at trade has been built up. 
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ciilmiiiatiiij- in ('Riin|)l<)n’s “ inulo/' which 
would run ]()o s])indlcs iil once. 

Hut wlicre was the cotton to come from 
to keep this new machinery at work ? 
()bvi(jusly, it could not be supplied if the 
seeds were to be picked from the cotton by 
liand. Just at lliis moment came Eli 
Whitney’s saw-f^in for tearing the lint from 
the seeds witli such expi^dition tliat his 
machine and one man could tlo as much 
work in a day as two hundred men engaged 
in hand-picking — a rale of speed now 
enormously increased. It is true that the 
gin (1 a m a g e d - 


is. slicetl up by machinery so that the outt 
cov^erings are separated from the ke.rneli 
or “ meats.” The “ hulls,” which are th 
lighter ])art, are screened away, and arnoun 
to about 850 ])ounds in 2000 ])oumls of seet 
They are used to make bran as a cattl 
foo(j, and so serve indirectly as a manna 
‘while the fibre makes a higli-grade pai)ei 
The kernels, which amount lo about hal 
the original weight, are crushed, then cookei 
then ))laced under a hydraulic ])ress, so tha 
the oil is squee^Jed out. The solids remainin 
are next (Ml her ground into meal for 

cattle 


and, indeed, con- 
tinues to damage 
much cotton, 
cutting and break- 
ing the fibres by 
its rough methods, 
but it gets thanigh 
the work, and gives 
the multitudinous 
spindles of Lanca- 
sliirc and the 
Western world an 
ever-ine reasi ng 



pressed into col 
ton-seed cake In 
the same purj)os(. 
The crudey o: 
amounts to aboii 
forty gallons froii 
a ton of s(!(id. Tli 
settlings of the*, oi 
are usi;d in soap 
making, and tli 
clear(*r oil isreliiiei 
by heating, and b; 
treatment will 


sup])ly of law , ^ ]>otash, wliicl 

material. (inises its impuri 

In the earliest . ties to be d(‘ 


days of the saw-gin - , ])osited. 'f h i 

it was erected, if , reliiied oil is knowi 


possible, over a y in commerce a 

stream, in order • ^ ^ . “ summer \ ()11()W.’ 


that the seeds, as ’ ^ ‘ * puri"' 

they wei’i* s(‘j)a- ' v ‘ „ forms, as bultt*i 

rated from the *. oil. and it is uscm 

fibre. iniglil Ik* ^ \ ^ in t 1 k‘ mannfactiiK 

drop])(?d into the ' % J i ' . , . . ' ^>1 oleoniargariii* 

current and swi;j)t ^ biitterine 

away. All that is ^ IL ^ ^ ^ * ruder cold ])res 

now changed : and y i^ changei 

it is calculated that into salad-oil, am 


the (omnieicial kaw cotton at tiik spinning mii.l • becomes an altei 

value ot the seed, 'i'wi'nty-fivc I'-ii^KirnifioiuriijniiUi^ lUitix'e to olive-oil 

lliis evil yviai -.a Ifiijith 271. limesas j;riMt ns thoilistanoc IVdiii lliu eavlliin iliii , 1^2 

UllLC 11 I au (I as alone Rrou-s ea.;h year <1500 iiiillioii poun.is of lliis ]^L 1 na})S IS SOI 

reiuse, is t'ighteeil lilm-. Iiif>rc;li.iiit;noiii.'litorlothccvi'iyliuiiianl»ein;; oncanli in a loUon suit, [)nre oliN'e-Oll 

millions sterling per year for t lit; American When bleiached it Jinils a market as ; 

States alone. If the cotton plant made no substitute for lard, or is known as cottoline 

lint for the clothing of man, it wfHild be Under cold ]n'essure it becomes ” wintiM 

worth cultivating for the value of its seeds. white oil,” and is used in the manufacture o 


The seed is sent to the oil-mills, and there 
is treated so as to produce cotton-seed oil, 
feeding cake for cattle, and fertilisers for 
return to the soil. At the oil-mills the seeds 
are first .screened and cleaned, and then the 
remainder of the short lint still adhering to 
them is removed —less than pounds being 
reco\'erat)lc at this stage from 2000 pounds 
of seed. The seeds are then hulled - that 


medicines, us well as for miners’ lamp-oil an* 
for soap-making. The United States aloiu 
produces 70.000,000 gallons of cotton oil jjci 
year, selling lor £3, 000, 000. The most familial 
form in which cotton-oil meets the eye of tla 
householders is in the anchovy and sardim 
tin, the fisheries of We.stern France beiii^ 
almost entirely supplied with oil from tin 
cotton-fields of the United States andflgN'P- 




THi; FIRST PROCESS AT THE MILI^ 



wij see the spiked roller tearing the mass of fibre apart, maki*'^^ it l()()^e eiuui^h t()r 
operations. The fibre is carried away to another room aiitoiiiaiically on a i.-avelli.ii; laiiK.e, 
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The price that raw cotton will command 
depends on the ripeness, length, and fine- 
ness of the fibres. Unripe fibre has to be 
removed ultimately. 'I'he farmer, when 
paying the gimior for his work, may wisely 
j)ay for the running of tlic machinery at 
a lower speed so as to preserve the duality 
of his produce and secure the exclusion 
of waste matter. After ginning, the cotton 
is forced into as small a bulk as possible 
under a baling-])ress, because freightage 
is payable on bulk as well as wciglit. An 
average American bale weighs 450 lb., 
Indian 400 lb., Egyptian 700 lb. 

The Strange Concentration of Cotton in the 
American Cotton Fields 

'fhe question of the concentration of 
the growth of cotton in one place— the 
Soutliern States f)f the American Union — 
has engaged tlie attention of the manu- 
facturers of cf)tl()n goods in all countries 
since the cidamitous ruin of the business 
by the stoppage of supjdies of cotton 
during the American Wnr close on fifty 
years ago ; but tliough there has been a 
considerable development in India, and a 
notable incrt‘ase of jaodnetion of good 
(jualities in Kgy].)t, the States still supply 
the world with i.'er cent, of its cotton 
crop. Among the cotton-producing coun- 
tries arc Iha/al, the West Indies, Peru, 
(!hina, Corea, Japan, I'urkestan, West 
Africa, and the East Indies. The manu- 
facturing nations stand thus in tlie order 
of thicir cotton exports: (i) Great Britain, 
( 2 ) the L'liiled States, (3) Germany, (4) 
India, (5) France. Hut tlu: United States 
and India also import cotton goods largely, 
more largely than tliey export them, and 
Crreat Britain easily leads the world in 
this manufacture. Only about 25 percent, 
of the l-ancashire-madc cotton cloth is 
used in Great Britain. 

Why Lancashire is the Great CottOA>Spinning 
Centre of the World 

Why. is it that Lancashire has gained, 
and so long held, tlie foremost place in the 
spinning and weaving of cotton ? A great 
deal has been due to the energy of its 
])eop]c, and the iicrfcctiqn to which its 
business has^ been organised, and the natural 
divisions of 'labour adhered to ; but there 
can be no doubt that the jx^culiar fitness 
ol the climate for the work is one of the 
secrets of the unexampled success that 
Lancashire has attained. A certain amount 
of humidity is. essential for cotton-spinning/ 
so that the fibres may cling, while damp- 
ness is a di.^advantage. If the climate of 
a cotton-spinning country has not this 


humidity it has to be produced artificially. 
In Lancashire the requisite conditions are 
naturally present, and so the county has 
been able to retain the pre-eminence that 
was reached at an early period by inven- 
tion and has since been sustained l»y 
organisation. 

The manufacture of cotton is divided 
into two well-marked series of processes- 
spinning and weaving. We must now 
trace the cotton, after its arrival in the 
form of compressed bales at the English 
mill, through the series of processes of 
extraordinary complexity known as sjiin- 
nirig. The first operations are the break- 
ing of the bales and mixing of the cottons 
they c'ontain. As the bales include various 
qualities of cotton, it is necessary tliat 
they should be well mixed so as to scciir«‘ 
blending and uniformity, otherwise the 
inamifactiircd material would not hi' 
reliable throughout. The best and worst 
cottons are not iilended, but only those 
which fairlj^ approximate to each other. 
The mixing is done generally by a machine 
known as the Cotton Puller. 

How the Cotton is Cleaned and Carried Away 
on a Current of Air 

The cotton is then “ opened ” out so 
as to bo cleansed of any seed, leaf, or 
dirt that it may have retained. It is ted 
through a machine to a beater, which frees 
it of its impurities, and the cleaned cotton 
is borne away on an air-current produced 
by a powerful fan, and plastered on a 
sieve cylinder through which the air passes. 
Having gone tliroiigU this cleansing process 
more than once, the cotton is passed 
l)etwecn compression -rollers and formed 
into a roll, or lap. This opening and 
cleaning process is sometimes repeated, it 
may be more than once, through a 
“ scutcJier ” — -another beating machine 
and a thicker lap of more jjcrfectly cleansed 
cotton is formed into a large sheet. 

Carding now begins. The purposes for 
which the cotton is passed through the 
carding-engine are — ^to complete the j^rocess 
of cleaning, to disentangle the fibres from 
knots so that they may become parallel, to 
extract the broken fibres, and to deli^ er tlu' 
cleansed cotton as a loose rope, or “ sliver/’ 
read}' for it to go to the “drawing-frame.’ 

The drawing-frame is a machine for 
improving the “ sliver by making it^ 
fibres parallel and its thickness and strengt!) 
uniform. Six slivers are put into tlu 
machine, and are drawn into one, and thi- 
is repeated, usually three times, till 
rope of untwisted cotton has been former i 



CLEANING THE COTTON FOR SPINNING 



riici cotton fibre is passed throu»:h a macliine known as an opener, which further loosens it, < lears it of 
impurities, and rolls it into a sheet. The cylinders are perforated, so that the dirt may fall throiij^h. 



J'lu work of cleaniiii; is continued by another machine calletl a scutcher, name<I from an tdd word 
meaning to beat or roll out. 'J'hese two pictures show cotton fibre bi'fore and after the scutching proci ss. 



ih re is the scutcher at work. 'It is^ something like an opener, and not (MiIv cleans but continues 
liie rolling out of the cotton fibre until it is in a sheet of ii uniform thickness ready for the ne.xt inachint. 
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-,IR1.S WIND THE COTTON ON THE BOBBINS 



I Ilf uiiilc*(l sliviTs at'f now passed lliron|L*li tlu* clnuvin*^ inachiiu*, whifli ilraws out tlu* hand to llu; 
width of a sinj4:kf slivor. d'ho straiuk art* thus made uniform in Ihit Unt-ss and lilt* filirt-s inon* jiaralk-l. 



1 Ik* lU'xi process is known as sluhhinj>;. d lu* rotton is lirouj^lU in cans from the* drawini»-machiiu*, and 
P'ii>SLd throng;?! rollers whicli dra’Wflie’ strands out fiirtlier, twist ihem siiglilly, and w ind tlu ni on bobhiiis. 


1 i 





A MILLION YARDS OF COTTON ROUND A THOUSAND BOBBINS 





A MARVELLOUS^MACHISE DOING THE WORK OF 4000 W’OMEN 



^o more wonderiul machine has ever been invented by man than the spinning-mule. It almost seems to have brains as it works, and, tended by only a man 
ana two bojs, it can spin as much cotton as four thousand women could do in the olden days. A single machine such as the one shown in the picture 
has as many as thirteen hundred spindles, capable of spinning and winding four thousand miles of thread in one day. 
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of even strcngtli. It now ready for 
what is called “ slubhing ” -that is, taking 
a passage through machinery which attenu- 
ates the thread and gives it a strengthening 
twist, a process repeated and extended in 
the “ intennediate ** and roving frames. 
Som() of the most delicate mechanical 
improvements in spinning machinery have 
been concerned with the attenuation and 
twisting of the strands of cotton and the 
winding of them on bobbins, for the 
‘‘ rovings,” as they are called, remain very 
weak ai this stage. 

The Many Purposes for which the Cotton 
Thread may be Used 

. The rovings aie now ready to be spun 
into thread. This is accomplished either 
f)n a spinning-mule— an invention by 
Samuel Crompton in 1779, wliich remains 
in principle as he left it, but has been 
imiH'oved in detail by imiuincrablc succes- 
sors — or c)n a ring frame, which is an irn- 
])rovcment on Arkwright’s machine, hirst 
the rovings are drawn out to a greater 
attenuation in the mule —say, to nine times 
their former length — and are giv'en twists 
according to tlic lineness of the yarn— say, 
twenty-four per inch. The ring-frame is 
of comparatively simple formation, spins 
continuously, and is entrusted to women and 
girls for the production of the less fine 
yarns, while the mule has extremely com- 
• plicated mechanism, with intermittent work- 
ing time, owing to a reversing action, and 
its manipulation needs skilled workers. 

The thread is now ready for use if it is 
to bi^ worked into the weft in weaving ; 
that is, into the set of threads wliich in 
a ])iece of cloth run from side to side. 
But if it is to be used lor the threads 
that form the warp — that is, run length- 
ways of the piece — it is wound on a large 
wooden beam, probably four hundred 
threads being laid side by side and sized 
with a strengthening and preserving ]mste, 
before being transferred to the weaving- loom. 

The Processes in the Making of Cotton Cloth 
of Many Kinds 

If the yarn is to be used for something 
more elaborate than plain cloth, it may 
have to bo bleached and dyed; and to 
facilitate ihese processes it is reeled into 
hanks, forty yards long, and the hanks are 
‘‘ bundled ” by pressure into packages, 
usually of ten iiounds weight. 

Sewing- til read is not spun directly from 
the yarn, but several separate threads^ 
generally four — are brought together and 
twisted into a sewing- thread, before being 
polished and wound on spools. 

3-1 S 


The weaving pro;:ess is common to all 
textile fabrics, whctlicr the patterns avi 
plain or fancy, or the J acquard loom is usid 
Goods go from the manufacturer to th( 
bleacher, from the bleacher to the dyer, and 
from the dyer to the printer and finisher. 

The bleaching [irocess alone involves 
half a dozen treatments. First the clotl: 
is singed to remove projecting filaments 
and then washed : boiled with lime Ibi 
eight hours, and washed; “soured” witli 
sulphuric acid, and washed ; boiled with 
soda ash for from six to twelve honts, and 
washed : i:)asscd through a solution ol 
bleaching powder, and washed. Befon 
cotton goods can l>e dyed they are as a riil( 
passed through a solution of mineral sal(> 
with tlie ('ffect of causing the dye to adhen 
to the fibre. Dyeing and calico-printing^ 
are chiefly carried on in the neighbourhood 
of Manchester and (Glasgow. 

Cotton has the questionable quality of 
lending itself to imitation of other materials, 
so that woollen, silk, and linen goods can 
1)0 and are alike suggested in cotton fabrics, 
and the fibre is also used in combination 
with tli(\se other mat(‘rials. IJnmixed, it is 
w'oven into an enormous variety ot goods, 
from jflain sheeting to eml)roidery. 

The Amazing Variety of Style and Design in 
the Cottons of the World 

The common divisions of the fabrics iirc 
plain goods, such as printed cloth andsln'cl- 
ings ; twills, with diagonal w^arp thri'ads: 
sateen, fancy cloth, and Jacquard fabrics. 

The names gi\'t.‘ii to different types ot 
cotton goods ] Hire cotton, imitation, or 
part cotton — are legion, and ilhistratt' llir 
amazing variety of styh' and design. As 
examj)les may be mentioned baize, bandana, 
bombazine, brocade, calico, cambric, canvas, 
chintz, corduroy, crape, cretonne, denim, 
dimity, drill, duck, fustian, gauze, gingham, 
moleskin, mull, muslin, nankeen, ])rint, rep, 
twill> velveteen, shirting, sheeting, Me.Kicaii. 
T cloth, Wigan, double w^arp, Croydon, 
printing cloth, Jacconet, dliortic, scarl. 
madapollam, baft. Sarong, jean, jcanetlc, 
Oxford, Harvard, regatta, mercerised clotli. 
lace, lace curtains, matting, matclama. 
piqu6, Bedford cord, oatmeal cloth, crimp 
doth, grenadine, Icno, lappet, zcpliM- 
®obbin-net, Silesia, sateen, ^ hollandeltc, 
^wn, batiste, serge, huckaback, galloom 
■^uttcr-cloth, mosquito netting, khaki, 
cottonade, lasting, and brattice clotli. 

Cotton may be spun into an almost 
incredible thinness. A pound's weight nt 
raw fibre can be subjected to all the pm- 
cesses of preparation that have been barel) 
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enumerated here, and then drawn out into 
a thread quite confidently of 84,000 yards ; 
and a length of 160 miles has been reached 
in the attenuation of a single pound of 
prepared lint. 

The story of the improvement of the 
machinery by which cotton is prepared for ^ 
man’s use is a particularly sad one, as it 
covers the days when men believed that 
machinery ruinously lessened the demand 
for labour. The use of cotton goods at all 
in England was for a time interdicted in the 
interest of the wool trade, the penalty for 
wearing calico being to he /^aid to the 
informer. When the manufacture first 
gained a footing in the land the warp was 
by law confined to linen yarn. 

The Doom of the Men who Turned Cotton 
into Gold 

As invention became stimulated suspicion 
and persecution grew with it. Ihus John 
Kay, the maker of the flying shuttle, was 
driv(in from the country and died in poverty 
abroad. Lewis J^aiil, who originated the 
principle of spinning by rollers, does not 
seem to have profited much by his in- 
genuity. Iam<‘S Hargreaves, flu' inventor 
of the “ sjanning jenny ” — which, by the 
way, could deal with cotton only in a state 
of roving — was obliged to fl(‘(; from Lan- 
cashire and restart business in Nottingham. 
The onlv ])rosperous inventor was Richanl 
•Arkwright, the Preston barber, who in- 
vented the “ water-frame ” spinning 
machine — so .called bt'cause it was worked 
by wat(T— and he removed from Lancashire 
to Derbyshire before he established the 
business which made him his fortune. 
Samuel Crompton, whose spinning “ mule ” 
— a combinafion of the machines of Har- 
greaves and Arkwright — was the greatest 
of all spinning machinery inventions, lived 
in old age on the subscriptions of .sympa- 
thetic Inends, after having lost the £5000 
with which the Government of the day 
recognised his merits as an inventor. 

The Greet British Industry Built up by 
British Genius 

Richard Roberts of Manchester, who 
made the “ mule ” self-acting ; Edmund 
Cartwright, who introduced the i^ower-loom, 
and was awarded £10,000 by the Govern- 
ment because he impoverished himself by 
his experiments; and Joshua Heilman, an 
Alsatian who invented The comber, and 
died soon after he attained success, have 
an honourable place in the history of the 
improvement of the complex machinery 
for the most complicated ot manufactures. 

With tlie exceptions of Whitney and 


Heilman, the experimenters whose improve- 
ments have hurried forward the prosperity 
of this highly specialised industry have all 
been Britishers — obviously as it should be, 
since there is no business in which Great 
Britain holds such an unquestioned pre- 
eminence, unless it be shipbuilding. 

While it is true that the United States, 
(Germany, India, France, Italy, and Russia 
have a vigorous cotton trade, largely to 
supply their own wants, England commands 
the open and neutral rnarkets of the world, 
and in sj)ccial lines sells largely even to 
these manufacturing countries. Our ex- 
port of cotton yarn is five times that of 
(lormany, and of ])iece-g()ods four times 
that of Germany, and more than ten times 
that of the United States. Our manu- 
facturing ]X)wer, as judged by the nuinlx r 
of spindles, counted in millions, is as .V> 
against jq for the whole of the Continent 
of Eun)pe, 29 for the United States, and to 
for the rest of the worltl, so that approxi- 
mately 42 per cent, of the cotton manufac- 
turing power of the world is in British hands. 

One of the Most Wonderful Exnmples of the 

Exchnnge of Goods thnt Commerce can Show 

It is unfortunate that a business so 
closely identili(‘(l with the j)r()Sj)erity of the 
British nation should in two respects h?' 
subject to S(‘rious criticism. One drawback 
• -for which our country has no special 
responsibilitv' — is the gambling on crops, 
vMiich, under tiu* euphemistic name ot 
“futures,” does. much to unsettle a great 
indusiry, to . the detriment alike of the 
cotton-grow(M* and the manufacturer; and 
the other, for which we are resj)onsiblc, is 
tht^ numl)er of women and children still 
employed in Lancashire in the trad(‘, 
breaking up home life, and interfering with 
the natural conditions of family concord and 
interdependence under which the father is 
the adequate bread-winner and the wile 
ensures the comfort of the house. 

The world’s annual production of raw 
cotton — that is, the lint as it arrives in 
bales ready for the manufacturer to begin 
his long series of operations — reaches a 
weight of about four and a half million ton-- 
Perhaps one-third of this does not leave tlic 
coimtry where it is grown, for most of tln^ 
cotton-growing regions have some amount 
of cotton manufactures, but the trans- 
portation and re- transportation oi the rest - 
and, indeed, of the products of the whole 
of the world’s cotton fields and spindles and 
looms — furnishes one of the most wonder Inj 
examples of universal interchange of goods 
that modern commerce can show. "1 



WINDING THE THREAD FOR THE WEAVER 



liiv now arranged on large Iranics called creels, and a vvarpiiig-macliine takes all the 
s ironi the bobbins and winds them side by side in regular order upon a roller as shown here. 
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PREP ARING THE,WARP FOR THE LOOM 



TIk* thrciicls < f 111 - \var|> art* put in a ]>ath of li(|iii(l-si/t* to strcrv^thfii tht-ni. jnissiii- for this piir|RiM 
throiiiih a slashing- mat'll nc. I lien the warp ilirt*atls pass ovor Iioi ('vIhuKts, whit'h dry llu m 



'riie warp, which is the foundation of the cloth into which the weft, or cross-tlireads, will he wovt n. i'* 
taken to a draw ing-in frame, where a man passes the threads through a guiding-frame, ready for the i<.>' 



vVEAVING LOVELY PATTERNS ON THE LOOM 



j is the Jacquard loum, which- enables an ordinary worker to weave the most beaiil'Jul iKitlmis. 
• lie perforated drum at the top produces the pattern, in much the same way as the perforated ribbon 
the pianola. The inventor of this loom was nearly killed by his infuriated fellow-workmen. 
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IN F.NGLAND’S LARGEST WEAVING MILL 



This shows what a wcavinjj-shcd is like. It is inside the largest weaving factory in Kngland, that oi 
Messrs. I lorrockses, Crewdson, & Company, and the looms are seen stretching away in the distnnrr. 



Sheeting is made on very large looms like the one in this picture. As the cloth is woven it 
w'ound on to a roller in front of the loom, and is then taken away to be folded by machinery. 
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iron work of the “ Black Country,” the 
steel goods of Sheffield, the woollen wear of 
the West Riding, the leather-made produce 
of Leicester and Northampton, the corn of 
the Canadian prairie, the fruits of the West 
Indies, Ontario, California, and the Levant 
1 ravel far, and reach many races living under 
varied conditions, but the width of their dis- 
semination, with, perhaps, tlie single excep- 
tion of the knife, is but limited compared 
with that of the roll of cotton piece-goods. 

The range of the cotton trade is the 
range of man's clothing. It is only the 
naked who are exempt from its fasci- 
nation, and they because they are too 
remote to know the bright, light, and cool 
fabric, except, ])erhaps, as a curiosity in 
luxury and delight. 

The time is coming 
when fifty millions 
who wear no clothing 
worth mentioning 
will be clothed with 
('otton cloth, and 
when a hundred mil- 
lion more who wear 
hut little will be 
draped in its dignify- 
ing folds. It is the 
one fabric which, by 
\irtiie of its cheap- 
ness, and its ada])t- 
ability to all climates, 
lor undcr-wear or 
over- wear, is destined 
lor uiiiversal adoj)- 
tion. 

Note, loo, liow jl 
interweaves the lives 
of all diversities of 
mankind. The merry 
negro, Americanised on the cotton farm of 
( arolina or Florida, grows the tiossy snow 
that gives work first to the hardy sailor- 
niaii, and then to the keen-witted 
“operative ” of Lancashire, and, through 
his machinery, to the engineering centres of 
til eat Britain. All unaware of its origin 
on the black man's land, the secretive 
Ihitish farmer buys, by binding agreement 
^vith his landlord, so much “ cake '' for his 
» attic, that the fields of England may be 
Juanured by llie cotton seed of another 
hemisphere. The fisherman of Qui heron 
P>ay is brought up to Paris to warn the 
i rtmeh Government that in making its 
hiriff arrangements it must not disturb the 
balance of trade that allows cheap oil from 
^ew Orleans to be substituted for the olive 
of Italy, otherwise his trade in tinned-fish 



TIIK COTTON FIliKK MAGNIFII'I) 

Oiic^ pound of lliis fiWrc c.'iii he spun into a thread 160 mili-s loiidj. 
An averas^e pieker \^iU .t;ntlier a hiuidred pouiuhs of lihie in a day, 
though sonic can •'iek twice as niurh. 


delicacies will be ruined. The vegetable but- 
ter and lard of the tropics not only cheapens 
the food of the British slum-dweller, but 
pleases the fancy of the vegetarian cook. 

This forward How of cotton products over 
the face of the civilised world is followed 
by a backward flow of enhanced value from 
the manufacturing centres over the earth, 
civilised and uncivilised ; and the negro of the 
forest swamps of Western Africa barters 
his humble wealth for a gaudy cheap clotli 
which has its origin in the organised labour of 
men of his own race transplanted by force and 
cruelty a century ago across the dreaded ocean. 

This expansive influence of the cotton 
plant, bringing all races into touch through its 
universal distribution, is balanced, however, 
by a restrictive influ- 
ence. It is tlirougEthe 
cotton trade Ih^the 
modern factory sys- 
tem has been most 
com])letcly, and per- 
haps deplorably, dc- 
velo])ed. The wave 
of cotton enterprise in 
cotton-sj)inning found 
bhiglish weaving a 
rural industry, and 
has brought it into 
the towns, or, rather, 
has made a town, 
dense, regular, ine- 
ehanical, dull a n d 
soul-wearing, around 
every manufacturing 
site. And the most 
distressing ])rohleins 
of modern civilisation 
-- the overthrow of 
home life through the 
employment of women, the presence of the 
child in the whirring factory, the declining 
])hysique of the cooped-up worki'r, the 
mortality in infant life; the ravages of tuber- 
culosis, the grey monotony of existence, the 
loss of the ideal of living in joy and not in 
dolour — are all connected with this great 
industry more intimately than with any 
other, and naturally so at first, because 
it is the industry in which tlie use of 
machinery, mechanical order, organisation 
to the last word of economical efficiency, 
have been perfected. But the time is at 
hand when the greatest of all the trades in 
fabrics will realise that the aim of producing 
the best, cheapest, and most profitable roll 
of cotton cloth is not self-complete and 
satisfying unless the human material used 
in the proccfs is left untarnished. 


FROM THE ENDS OF THE EARTH TO ENGLAND 


k* 




GROUP 10- COMMERCE THE MARKET-PLACE OF THE WORLD-CHAPTER 3 


THE FIRST TRADING NATION 

The Great Source of Energy upon which the 
Prosperity of Great Britain has been Built Up 

THE IMPREGNABLE ROCK OF OUR COMMERCE 


T he commercial supremacy of the United 
Kingdom is a remarkable tiling. Tt is 
;i supremacy the more remarkable tiecause 
j)()ssessed by an islaiul or group of islands 
of exceedingly small area, ami of very 
limited natural resources. The forty-five 
million British peoiile make their home 
on ail area of but t^o.ooo square miles, 
which means, that we have 375 ])ersons to 
oiK'li square mile. 

'I'liere is no more wonderful tril.nite to 
the activity of man than to consider that, 
in a long-develo])ed country like our own. 
hv far the greater part of the surface of 
the country has been laboriously worked 
t)vor, yard by yard, and agiiin and again, 
timing centuries of time, and that what 
Xatiire provided has been shaped and 
reshaped until few are the spots which are 
lint to some extent at least artificial. 

The 77,000,000 acre's of the British 
Isles are for the most iiart put to use. 
Some 4(S, 000, ()()() acres, according to the 
honrd of Agriculture, are uiuler crops 
and grass, rather more than one-half 
Iviiii; permanent pasture. There arc 
^‘unething less than 1,000,000 acres of 
inland waters ; 3.000,000 acres of forest 

juid woodland ; 13.000,000 acres of heath- 
nnul and mountain ; over 1,500,000 acres 
nl hogs and marsh in Ireland. The 
J^'inainder, some 10,000,000 to 11,000,000 
is cither barren or occupied by 
h)wns and villages, roads, railways, gardens, 
])leasiirc grounds. 

1 he chief reproach which may be brought 
‘^punst our national economy is, perhaps, 
hu small area devoted to tlie growth of 
jniher. The culture of trees has been 
SiidJy neglected, and there is no other 
ouiitvy in Europe which has such a small 
proportion of timber area. A Royal Com- 
issiun in 1908 re])orted strongly .in favour 
national effort in afforestation, and, as 


we sliall see when we come to examine 
the world’s commerce in detail, the subject 
is certainly one which demands early and 
earnest attrition. 

From onr nearly 50,000,000 cultivated 
acres we derive about one-half of such 
foods as can be raised in our climate, 
but there are. of course, many valuable 
foods which Nature h)il)ids us to grow. 
Such coiniuodilies as tea, coffee, cocoa, 
sugar, mai/e, bananas, tobacco, have come 
to be regarded as next to indispensable, 
aiul they have become so commorqdace 
that we scarciilx' realists that they liavc 
to be won by the difficult t)perations of 
commerce. 

WTieii we ])ass to the domain of raw 
materials we tind ourstdves even worse 
furnished than in reganl to foods. Very 
little indeed of British w'ork in industry 
i£: done upon purely native materials. 
Here, again, the commercial miracle has 
become an everyday, imregartled cornmon- 
])la(:e. Products foreign to onr soil and 
climate, or which, if foqnd or raised here, 
are given us in exceedingly limited measure, 
are civerywhere built into our envdronment. 
Palace and cottag(^ alike arc largely con- 
structed of im[)()rted materials. Our 
clothes, our imjdements, tjur machines, 
our instruments of sport • and play, are 
as to the greater part made from stuff 
from oversea. 

A very great part of tnir industrial 
work is done upon iron and steel. Fortu- 
nately, we ])ossess very great supplies of 
nativ’e iron ores. Nevertheless, of our 
l(Hal consumption of iron ore in a year — 
about 21,000.000 tons — over 6,000.000 tons 
are imported. Even this fact does not 
bring out . our real dependence upon 
imports in the matter of our great iron 
and steel trade. The iron ores which we 
import arc, on the average, much richer 
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in metallic content than the ores raised 
at home, and! l)roadly speaking, about one- 
half of our jjrorluction of pig-iron is based 
upon ores obtained by commerce from 
beyond the seas. 

When we turn to other metals we find 
that the British economic position is a 
curious one. \Ve do an enormous amount 
of work in the metal trade, yet we are 
very poor in metals other than iron. We 
have fair supplies of tin, although not 
nearly enough for the work we have to 
do, but the products of our native /Anc, 
copper, and lead mines are very poor. 

What Would Happen if British Commerce 
were to Cease for a Few Months 

If we can imagine that the whole of our 
British commerce were to cease for a few 
months, our harass trade would close down, 
our production of galvanised iron and 
other products demanding ^inc would 
cease, and large sections of our population 
who live by tlie metals would cease to 
earn wages. 

The facts on this head are of such great 
moment that a study of the following 
significant table is necessary to the under- 
standing of our dependence on oversea trade. 

.\ YEAR’S PRODUerreW OF METALS 
THIS iJurnsH pkoduc rioN of mktat.s, from hritish 

OKKS ONI.Y, CONTRASTS) WITH THE WORLD’S 

FRonuenoN of mktals in 1909. 

The ilgiiros aro given in metric tons of 2204 lb. 



U.K. 

The W'orld 


Tons 

'I'ons 

Irtiii 

■ l.yoo.oof) 

0<J,OCKJ,(JOO 

('oppiT 

500 

893,000 

Zinc 

4,o(X) 

85f),ooo 

L<*ad 

2 3,(K)0 

i,t)5o,txx) 

Tin 


1 17,000 


It will be seen that if British work 
were d(*nc upon British material only 
British manutactnrers would occupy an 
insignificant position in the world of trade. 

The Access to the World's Mines which 
Makes us a Great Metal-Working Nation 

We produce, from ores got out of our 
own mines, less than 5,000,000 tons of 
iron, a mere 5^^^ tons • of copper, some 
4000 or 5000 tons each of /Auc and tin, 
and 23,000 tons of lead -figures which,* 
when contrasted with the total output 
of* the world, are almost n*'gligil.)U . Com- 
merce, however, provide:', us with access 
to all the mines of the world ; and Britain 
ranks, by reason of commerce and com- 
merce aloi;.e, as one of the three greatest 
metal-working nations. 

358 


With regard to other branches of tin 
mineral world, we are well supplied ir 
slate, sandstone, potter’s clay, and limc' 
stone, and we have also good supplies 01 
pyrites, but these things, though valuable, 
could not be the basis* of a great and 
varied industry. 

But, fortunately, while we are so badh 
off in native minerals as a whole, we ha\ c 
e?cceptionally good supplies of the mineral 
which, as we have already seen, confers 
such magnificent advantages upon tlu; 
countries which own if. We have splendid 
coal. According to the estimate of the 
last Royal Commission on Coal Supplies 
(1Q05), the United Kingdom possesses, in 
seams of one foot thick and upwards, and 
not deeper than 4000 feet from the surface, 
101,000,000,000 tons of the indispensable 
source o*f large-scale power. 

When wc turn to the raw materials of llie 
textile industry, wc see that the British 
Isles are much worse off in regard to these 
even than in regard to metals. For ii 
number of important fibres we arc entiri’lv 
dependent upon oversea sources. Wc can- 
not grow cotton, or hemp, or jute, and we 
cannot grow silk competitively. Wc grow 
a small amount of flax, but find it nccess.n v 
to have large recourse to imported material. 

The Dependence of Industry upon Commerce 
for the Means of Work 

Even with regard to wool, we are no longer, 
as in ancient days, independent of cnni- 
mcrce. Time was when England not oiilv 
exported wool, but had such a inono])()l\ in 
the wool supply that she could le\ y an 
cxjiort duty and make the foreign buyer p:i\ 
it, for he had to buy our wool or go wil Imut 
wool. Our wT)ollen and worsted iiidiistiies 
have, however, in the last four or Ine 
generations rapidly outdistanced their 
native wool supplies. The following fai 
arc at once a tribute to the British tnanii- 
facturer and a proof of our dependena* 
upon commerce for the means of work. 
WOOL USED IN BRITISH WOOLLEN AND 


WORSTED INDUSTRIES 
The figures include hair, but not shoddy. 


Year 

ImportedWool 

Native Wool 

Total 


lb.- 

• lb. 

lb. 

1775 

2,000,000 

80,000,000 

82,000, 

l8(X) 

I0,01X),000 

ioo,ocxj,ooo 

110,000, 

1875 

200,(XX),CXX> 

1 5 1 ,ooo,cx)o 

351,000,' 

IQtXJ 

382 ,oo(j,txx) 

1 16,000,000 

498 ,cx?o,i 

1910 

506,000,000 

106,000,000 

612, 000, < 


These figures, derived from the 
records of tlie Bradford Chamber of CtJin- 
merce, give us a picture of an industry which 
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lias grown and flourished tipon imported 
material. We see that the great textile- 
factories of Yorkshire and elsewhere would, 
without the operations of commerce, he 
I educed to very small dimensions. It is true 
that, if foreign arid colonial wool could not 
he. obtained, more wool would be raised in 
tlic United Kingdom, but it could only be 
at an advanced price, which would mean 
that the British consumption of woollens 
and worsteds would greatly fall ; in no case 
eoulcl wc raise all the wool we need. It is 
not merely that we have to clothe ourselves ; 
wc liave to maintain a very large cxjx)rt 
trade in woollens and in garments, in order 
to earn the supplies without which our mills 
could not be run. 

Wc have already referred to timber. 
Nearly the whole of our work upon wood is 
(lone with imported materials. Mere is a 
inatter in which we can to some extent help 
ourselves, and become less dependent U4.)on 
o\'ersca supplies. In any case, however, 
^\e could not grow all the timber w’c need, 
and many valuable woods cannot be raised 
at all in our climate. Moreover, if large- 
scale British afforestation were at once 
undertaken, many years would elapse before 
tJie timber could be brought to market. 

The Vast Supplies of Raw Material that 
Pour into our Workshops 

In respect of many important miscel- 
laneous materials, wc arc dependent wholly, 
or almost wholly, upon the shipping trade. 
Indiarubber, gutta-percha, asbestos, ivory, , 
many valuable ininend and vegetable oils, 
liaA'e to be earned and brought from oversea. 

If wc look at the whole body of our 
inij)orts of raw materials and articles 
Ilia inly unmanufactured, from ores to 
lihies, and from timber to w'ood-pulp, 
^ve And that our importations arc 
enormous. The figures in the following 
tal)l(‘, show them for three periods. 

u. K. IMPORTS, rOR IIOMK USE, OF RAW MATERIALS 

AND ARTICLES MAINLY UNMANUFACTURED. 

1900 I 39 ,(XX^,tXX^ 

I 9 ^>S £145,000,000 

1910 £198,000,000 

lliese figures relate solely to materials 
actually used in the United Kingdom, 
tlcdiiction having been made for such 
[ualerials as are brought in and re-exported 
jn tlie merchant trade. Further, it should 
oc remembered, they are exclusive of such 
ai tides as crude copper, ingots of tin, leather, 
and many other materials of industry which 

imported in a manufactured form. Even 
so, they are an eloquent expression in con- 
.of the general truth we have been 
examining. British work • is based upon 


products which wc can only secure by means 
of commerce with other nations or with 
the British dominions and possessions 
beyond the seas. 

In view of the remarkable facts which we 
have examined, how is it that Britain is the 
home of a great, a populous, and a wealthy 
people ? Wc liavc already indicated the 
answer to this question, which goes to the 
root of the British economic position. 

The Power that Cannot go to the Factory, 
hut to which the Factory Must Come 

The possession of coal not only means the 
possession of power, but it means the posses- 
sion of power which can only be exercised 
commercially in the area where the coal is 
found. Economically, power cannot be 
exported or imported. Where it is found on 
the world's area— wc speak, of course, of 
power within the limitations described in the 
last chapter — there it must be used, as far 
as competitive manufacturing is concerned. 

The explanation of the immobility of 
Nature's power supplies is of the greatest 
economic importance. Upon the immobility 
of water-power it is not necessary to dwell. 
Suffice it to say that science has not yet 
taught us how to conduct electricity manu- 
factured from water-power to any consider- 
able distance economically. With rej^ard to 
coal, the main source of enert^y at present 
utilised by man, it is Us bulkiness, and the 
consequent dearness of transport, which make 
its power immobile in relation to competitive 
industry. It is })erfe,ctly true lliat coal can be 
exported from a Jhitish port to remote 
regions, and that at tlie place to which it is 
taken tlie coal can be used iwactly as at a 
point within a few hundred yards of its 
origin. But in the transportation the price 
of the coal is so greatly raised that the 
manufacturing done with the transported 
coal cannot possibly compete in price with 
the goods made in the coal area. 

Why no Colony Could Rescue the Mother- 
land if Her Coal S applies Failed 

It is not too much to say that the fact 
just recorded lies at the very root of industr^^ 
and commerce at the beginning of the 
twentieth century. It explains why some 
nations are industrially great, and why 
others arc industrially small. It means that 
if w'e take a map of the \vx)rld and trace the 
position of the world’s great coal-mines, we 
have an infallible guide to the location of the 
world's great industries. It means also that 
one nation cannot, by exporting coal, con- 
tribute much to the industrial greatness of 
another nation, or enable another nation to 
compete with itself by reason of coal bought 
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from itself. Tt means that the United 
Kingdom cannot, by exporting coal to, say, 
Jamaica, make that island a great inchistrial 
centre. It means, again, that if we imagine 
tlie Mother Country depleted of coal, a 
colony possessing coal could not come to the 
commercial rescue of the Motherland by 
exporting coal to her shores. 

The Wonders thnt Coni has Worked for 
Modern England 

For the British i^eop’.e coal has worked 
marvels. We cannot express what tlie dis- 
covery of the value of caxil meant to British 
wealth and development better tJian was 
done by Jevons in his great work on coal : 

The history of Rrilisli industry and trade 
(he says) may be dividrd into two periods, 
the iirst reaching backward from about the 
middle of the eighteenth century to the 
earliest times, and the latter reaching forward 
to the incscnt and the future. These two 
periods an* contrary in character. In the 
earlier ])eriod lh*ituin was a rude, half ciilli- 
vated country, abounding in corn, and wool, 
and meat, and timber, and exporting the 
rough but valual)le materials of manufacture. 
(.)ur people, though with no small slum* of 
poetic and ])hilosophic genius, were unskilful 
and unhandy ; l)ettcr in tlic arts of war than 
those of p(‘.ice ; on the whole learners rather 
than teachers. Hut as the second ])eriod 
grew upon ns many tilings changed. Instead 
of learners w’e became teachers ; instead of 
exporters of raw materials we became im- 
porters ; instead of importers of inanufact iirc'd 
articles we became exporters. What wo had 
ex])orlc.’d we began bv degrc'cs to im|K>rt ; and 
w’hat we had importetl we began to ex])ort. 

The remarkable change in our commerce 
in wool, to which we have aln*ady refeirial. 
is but one concrete illustration of the great 
generalisation that coal macU' moilerii 
Britain. It is diflicult at this date to realise 
that at a time not long removc'd tlie British 
Isles we»‘e regarded by tlie rc*st of the 
world as a source of raw materials, a ])lace 
from which ('ontinental manufacturers drew 
raw wool to be workc'd up into cloth and 
resold to us in its linished state. 

How Coal Inspired the Great Inventions of 
British Engineering 

If we WTie to name tlie most striking 
illustration of the truth that coal-power is 
immobile. \\V slioiikl point to tlie fact that 
even within the narrow coniines of the 
United Kingdom itself the greatest back- 
wardness is found at jdaces chsi int from 
the coal-mines, or away from jioiiits to w hich 
coal can be transported cheaply. In such* 
places as in Wiltshiie, or as in the West of 
Ireland, the 'owest wages of the country arc 
paid and the least wealth is to be found. 


It is of the dcc]iest interest to observe, in 
passing, that the great British engineering 
inventions were prompted and stimulated 
by the ]>ossession of great coal-mines. 
British coal-getting was clieckcd by wliat 
for long seemed an insuperable difficulty, 
the flooding of the workings. The necessily 
arose of draining mines. That necessity w^as 
the mother of the steam-engine. Savery’s 
steam-engine was devised solely to pump 
mines. Newcomen’s atm(’)S])heric steam- 
engine, in w’hicli the charge of steam was 
cxhanstcil by a jet of water beneath Hu; 
])istoii, and tlie atmospheric ])rcssure used 
to depress the piston aiul so raise the other 
end a beam attached to the piston, was 
also a mining device. Tlicse inventions, in 
their turn, reacted u])on mining, and h\ 
making coal much clicajicr gave a tremen- 
dous impetus to industry and trade. 

It is ])articularly interesting to recall tlial 
(ieorge Stephenson, who by inventing the 
steam locomotive, jiractieally in its present 
forin, multiplied a thousandfold the ])ossi- 
bility of trade, W'as a colliery engineer, 
and that one of the things he wislied to 
do w'as to facilitate the transport of coal. 

George Stephenson's Picture of the Lord 
Chancellor Sitting on a Bag of Coals 

It w*as ChM)rgc Stetdicnson also w'ho said : 
“The Lord Chancellor now sits uj^on a hag 
of wool, but wool has long ceasetl to be ( in- 
blcmatical of the sta])le commodity of Ihig- 
laiH 1. II c ought to sit upon a ]>ag of coals. ’ 

'file cost of transporiing many of tlu‘ iin- 
])ortant raw' materials is heavy, bill ‘lie 
elenu'ut of freightage*, is not so great in 
regard to them as in regard to coal, ('on^e- 
(piently, it always pa\’s to take raw' materials 
to coal, but it cities not yiay to take coal to 
raw materials. As an economic result, I lie. 
coal-mine becomes a magnet for industiv, 
and the coiiiitry vvliicli owns it pos.st.'sses an 
indisputable advantage over coal-less laiuL. 

In tlie United Kingtlom w'e have hue 
supplies of potter’s clay in ('ornwall, and 
line sujiplies of coal in the Midlands. It 
pays best to take, not coal to the clay, but 
clay to the coal ; and the kaolin of CornwiiH 
is exported from Cormvall to StaffordslnK* 
or to the Continent of Europe. Very little 
is used near the clay-w'orks. If Cornwall 
possessed coal, it would be the scat of oee 
of the finest pottery industries in the world. 
If that is the case wdthin a coal-owning 
country, w^e can easily imagine how' tluj 
bulkincss and weightiness of coal tells in 
transport over longer distances. Good coal 
can be shipped from Newcastle at about 
(js. per ton, f.o.b. (that is, including cost ot 




h 77,000,000 acres in tlie Britisli Isles, of which 48,000,000 are crops or grass, 13,000,000 are 

f'alhlancl and inountain, 3,(X)0,ooo^are fore-,1 and wtiodland, 1,500,000 (in Ireland) are marsh and bog, 
about a million are inland water. The rest is made up of towns, villages, roads, railways, and so on. 
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delivery on board ship) ; freight to the 
Mediterranean raises its value to 15s. or 
i6s. a ton at (ienoa or Marseilles. Take the 
same coal to the West Indies, and it is 
doubled in value. Argentina possesses fine 
wool. Tf she ini])orted British coal with 
which to run mills to work up the wool, the 
resulting cloth could not possibly compete 
with cloth made (Uit of Argentine wool 
manufactured in Yorkshire in a coal area. 

(.'liven a country great in coal, but 
(leficitMit in inaterials. what is the great 
condition of successful trade, other things 
being ecpial ? It is, of course, access to tlie 
world’s raw materials. We now come to 
inquire how Hrilaiii stands in respect of 
this im])(a tant factor. 

Fortunately, the British Isles have many 
natural advantages in respect of geo- 
gra])hical situation and seal)oard. Perhaps 
no country occujaes a more central position 
in the coinine.rcial world. No part of the 
intiTior of Britain is more than about one 
hundred milc'S from tide-water. Our coasts 
poss(‘-ss many hue liarbours. Not only do 
we poss('SS sphmdid coal, but some of our 
most important coallields arc close to line 
ports or ‘intersected by the sea. (iiven an 
ellicient railway system, and such advaii- 
tagfjs can be utilised to draw cconoinically 
from all parts of the world the materials of 
Pritish work.' 

'The successof Britain in obtaining by com- 
merc'e tlu‘ materials xsliich she lacks is a 
matter id’ much interest and importanci^. 
In this all-important matter of obtaining 
cheai» and abundant raw materials the mag- 
nificent British meicantile marine plays a 
part which is little understood. Here., again, 
we are confronted with the great value of 
coal. It is our export trade in coal which 
makes our shipping profitable. The general 
j)osition is that we cliielly impoit food and 
raw materials, and cliielly export manufac- 
tured articli'S. We shall ha\’C occasion to 
review the facts in detail, but at this moment 
it is only necessary to set out the broad 
l^oard of Trade analysis. The figures for 
sel out in the table given below. 


Britisli sea-borne commerce in 1910 is seen 
to be: Total imports, £678,300,000; tota> 
exports, including exports of imported stuff. 
£534,400,000; grand total, £1,212,900,000. 
Now let the totals of the various great 
categories bo examined. It will be sccii 
that of the £(178, 500,000 of imports, 
as much as £519,000,000 consisted ol 
food or raw materials ; while of tlu 
total exqxirts of £534,400,000 as much as 
£370,400, 000 consisted of manufactures, and 
only £116,700.000 of British and foreign 
materials. 

Consider these facts in relation to onr 
shipping. F'ood and raw materials aiv« 
bulky substances, forming large cargoes. 
Manufactured goods, on the otlier hand, 
have small bulk per unit of value, and 
consequently they afford, even when ship])ed 
ill considerable quant itic‘s, comparatively 
small cargoes. 

The geiuaal position is. then, that ships 
coming to our shores lind great cargoes in 
food and materials, while shi])s leaving our 
shores lind fewer materials for shipiiuMii. 
and a large value of manufactures whii li 
does not bulk for suflicient cargo to till tlni! 
holds. If this were the whole of the stoiw 
it is obvious that many of the ships bringin;..; 
food and materials to our shores would lia\f 
to go outwards in ballast for want of carg<u-s. 
That would mean that the inward freiglil'' 
on food and maleiials would have to hi- 
hi‘avy in order to ])ay for both the inwaol 
and outw'ard \'o\ ages of the sliips, and I'm 
]>rice of food to the Biitish consumer, an-! 
of materials to the British luanulactn! '-i 
would be a[>[ueeiated. 

It is here that coal again comes to i"ii 
economic assistance. W'e have large cim' 
exjiorts. and coal is a bulky and wviglii\ 
article, ('onsequently, although our expiu! ^ 
of Biitisli raw' materials were, as will 
be seen by reference to the table, (^nl\ 
£53,460,000 in iqio, this ligure stands as !'• 
as much as £37,800,000 for coal. '1 h*' 
quantity exported fm* this money w 
(>4,500,000 tons, but this does not inclir!'' 
the coal in the shi])s’ bunkers ; the bunk' 1 
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Category 

Total 

Imports 

E.xiiorts of -Britisli 
Produce 

Exports of Im- 
ported I’roduce 

Total 

Exports 

Food and Tobacco . . 

Raw Materials 

Manufactures 

Miscellaneous 

i 

257.800.000 

201.200.000 

15 6*900, Ol’iO 

2,t>00,000 

1 £ 

26.100.000 

53.400.000 
‘ 343,000,000 

8,ioo,cxk) 

L 

12.900.000 

63.300.000 

27.400.000 
200,000 

L 

39,000,01 •»' 

1 16,700,000 
370,400,0(^0 
8,30(.),(^(K'^ 

Total 

;£67 8, 500,000 

600,000 

;£io3, 800,000 

£S 34 , 400 ,(Xk> 


362 
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coal shipped for the use of steamers engaged tion of British coal is indeed a svmbol of 
ill oversea trade was nearly 20,000,000 tons the growth of the world's steamships, and 
more. It will at once be seen that this mainly of British steamships, 
exportation of 64,000,000 tons of coal fur- Such are the main factors of tiui British 
nislies our shipowners with just the bulky economic position. They arc gcn'erniiig 
and weighty outward cargo needed to factors only partly under the control of man. 
redress the balance — from the cargo point But while Great Britain cannot, b3^ taking 
of view — between imports and exjjorts. thought, add stores of coal to her mines, or 

Thus coal is seen to lie not only at the call to her aid the immense advantage of such 
root of industrial strength, but, in the case wonderful natural resources as arc possessed 
of the United Kingdom, to make shipping by the United States, it is her manifest duty 



“ niK KUSH OF C0MMJ:KCK to TAKK I’OSSKSSION OF THE VAST UXOCCUCUa) STACKS OF TllK WORLD ” 


jirofitablc, and to reduce the British manu- carefully to conserve, her power su])plies, 
lacturer's cost of obtaining materials. assiduously to train her population in tlie 

J^ut how is it that so many million tons arts, and steadfastly to direct all her p(^wers 
of llritish coal are exported in a year if it to the most economic* exploitation of tlu‘ 
is not profitable to import coal for industrial means of weall h which underlie Jier greal ^ 
l>iirposes ? The answer to this question is and her progress. A complete understanding 
*hat the coal we export is mainly shipped of the dominating and (‘ssential elenuMits 
nway to foreign jxnts for tlk^ use of steam- which we have considered is necessary alike 
^■^hips, w'hich have no option but to replenish for the safety and guidance of Jhitish 
their bunkers where they can. The exporta- commerce ami British statesmanship. 
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G ROUP 11 -SOCIETY THE PARTNERSHIP BETWEEN P AST AND PRESENT- CHAPTER ^ 


ONE MAN AND ONE WOMAN 

The Evolution of Marriage and its Development 
from Savage Forms into a Sacred Institution 

THE UNBREAKABLE BOND OF MARRIAGE 


^nii curious saying about marriage still 
^ current among us — 

Clianoe your name and not the letter, 

You marry for worse and not for better, 

is tlic most ancient marriage law now 
existing. • It can be traced in variotis forms 
among all the peoples of the earth, with 
the exception of a few very low savages, 
and they ])robably have only lost, it on being 
l)roken uj) and disorganised by concinesl. 

The old English rhyme may seem to be 
merely a meaningless superstition. Cer- 
tainly few of the millions of our country- 
women who hand it on to their daughters 
have any knowledge of its signiticance. 
In our present state of society it has, 
imleed, become emptied of importance, 
l)nt in the savage communities of Australia, 
North and vSouth America, and part of 
\lrica it is connected with a wonderful 
advance in human thought. It is a vestige 
of a strange and intricate system for 
l)ie\enting marriages between persons 
closely akin. 

Of course, our remote ancestors were not 
niletl by the saying in its present form, 
for the very good reason that they could 
not spell. The superstition about wedding 
anybody whose name begins with the same 
letter is merely a modern substitution for 
a now-forgolten set of complex rules for- 
bidding marriages between members of the 
same clan. All this is a curious example 
of 1 ace-memory. We feel it is not sufficient 
to lorbid a Hawke from marrying a Hawke : 
tliere were many other persons with different 
names whom a Hawke might not make love 
to or marry. But we cannot remember the 
^vstem, so we invent the nonsense about 
tbe danger of wedding somebody w’hose 
name begins with the same letter. 

It is an axiom in geology that by studying 
Int' past we can understand the present. 


and by studying the present in the light of 
the past we can discern the forces which 
are sliaping the ev’cnls of the future. But 
in many of the problems of society we arc 
able to study the present in the light of the 
])icsent. W'e have only to look carefully 
at the black-hdiows of Australia, for ex- 
ample, in order to understand the meaning 
behind our ap])arently meaningless super- 
stition about niarriage. In this way we 
shall obtain not only light on the j)ast 
ancient marriage law of our own race, but 
suggestions for the future development of 
the latest of modern sciences - the science 
of jmxlucing tlu‘ best kind of human beings. 

Let us take one of the best-known of 
Australian tribe >, the Kamilaroi of New 
South Wales. This tril)e is divideil into two 
clans, which are named Dilbi and Knpathin. 
These two clans are again sub-divided into 
two castes. The Dilbi is divided into the 
castes of Muri and Kubi : the Knpathin is 
divided into the castes of Kumbo and Ipai. 
The tribe j)()ssesses six totems. 'I'hese totems 
are sacred animals - the kangaroo, the 
opossum, the li;^ard. 'the emu, the bandi- 
coot, and the black snake. The tribe is 
further divided into six groups, and cacli of 
these groups has its special totem. The 
tribe is thus s[)lit uj) as this table shows. 


Clan 

1 C.isJr*. 

Toli-nis 

Clan 1 

Totfins 

Dilbi 

1 

Mari 

Kubi 

KaiiK-'iroo 

Opossum 

I.i/ai'il 

Ku).:.tbiu'f^”!"^’'^ 
1 Ipai 

1 1 

; Kinu 
^ liauriicoot 
l>lack.snnke 


Every member of the tribe has his or her 
own clan, caste, and t(dcm -these come 
down by descent. Now,** all these divisions 
are marriage divisions. Men and women 
must wed always outside their clan, outside 
their caste, and outside their totem group. 
Thus, a mail of the Dilbi clan must marry 
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a woman of the Kupathin clan. If he is of 
the Muri caste, he must take his wife from 
the Kumbo caste. If his totem is the 
lizard, he must choose an emu, bandicoot, 
or black snake wife. Let us suppose he 
marries an emu woman, then the children 
are emu chdldreh. They enter the Kupathin 
clan and belong to the Ipai caste. They 
therefore have to marry into the Kubi 
caste of the Dilbi clan, and their partners 
must be taken from kangaroo or opossum 
men and women. 

Dim Glimpses of Seisntifie Truth amoug 
Savages who eaa Count only up to tea 

Among the Indians of North and South 
America the system becomes more com- 
plicated. Some of the tribes are divided 
into ten divisions — clans, castes, classes, 
and sub-classes, with a bewildering variety 
of totems. Among the black-fellows of 
Australia there are some tribes with eight 
divisions; and men of science are amazed 
at all this curious and intricate organisation 
of preventive inter-marriage. Nothing so 
effectual obtains among civilised peoples; 
and there is rather a general tendency to 
deny that the lowest savages possess 
sufficient intelligence to construct so mar- 
vellous a system of marriage customs. 

It looks very much as though they bestow 
on their children the careful forethought 
which we only give to breeding champion 
cattle and racehorses, fancy dogs and 
prize fowls. It is said that some of the 
Australian black-fellows can only count in 
words up to ten ; and even Herbert Spencer 
was inclined to think that they knew little 
more than a dog about the way in which 
children come into the world. Recent 
research, however, shows that the black- 
fellow is well aware of what he is doing by 
his primitive system of eugenics. He long 
since discovered what Darwin proved by his 
remarkable study of the self-fertilisation of 
plants and the in-and-in breeding of animals. 

Suvuge Belief In the Council of Chiefs that 
wnt held after the Creation 

The Australians have a tradition that, 
after the Creation, fathers, mothers, sisters, 
brothers, and others of the closest kin 
intermarried promiscuously, until the bad 
ejects of these marriages became manifest. 
A council of the chiefs was then assembled 
tQfConsider in what way the evil might be , 
averted, and the result of their’deliberations 
was a petition to the Good Spirit. In . 
answer to the petition, the Good Spirit 
ordered J:bat the trtbe should be divided 
into branches^ d&tihgui$hed one from the 
other by di&rent tizmes, after objects 

,*y‘, 


animate and inanimate, such as do»,.mice, 
emus, rain, and so forth, and that the 
members of any such branch should be 
forbidden to marry other members of the 
same branch. 

Seeing that the Australian black-fellow 
understands clearly the full effect of his 
marvellous marriage system, we may take 
it that he has much more intelligence than 
some white men fancy. His legend, how- 
ever, does not explain how the law of out- 
breeding came into existence. It would 
seem as though the totem grouping wi^ro 
the most primitive form of the tribe ; for 
the totem is still the strongest bond amon;^ 
the natives of Australia. Two kangaroo 
men, for instance, belonging to hostile or 
. foreign tribes, regard themselves as brothers. 

The totem group is practically the unit for 
many social purposes. If an emu man has 
killed an opossum man, it is the duty of 
all the opossum men to avenge the death of 
their totem brother. And, according to tlie 
rules of savage justice, all the men of the 
same totem group as the murderer aro 
guilty of the murder ; so the avengers kill 
the first emu man they meet. In the same 
way totem brothers help each other in 
abducting a woman, in attacking an enemy, 
and in defence. It is not generally :i 
question of blood relationship, for a totiin 
brother may belong to a hostile tribe. 

. The Curious Custom which perhaps gave 
the ehildrea ‘‘Beauty and the Beast" 

There is much evidence, however, in sup- 
port of the view that the totem group was 
originally a family group. The American 
Indians, indeed, still regard the totem as 
the ancestor of the entire totem group- 
This quaint anticipation of the theory of 
the animal origin of man appears to liave 
inspired many of the strange animal m>’tlis 
so common among barbaric and even 
civilised races. “ Beauty and the Beast ” is 
probably a totem myth ; and so also arc 
the tales of Jupiter descending to earth 
in the form of a bull, a swan, and an eagle. 

By means of scraps of folk-lore and legend 
we are able to trace the existence of totem 
grouping among practicsdly all the races 
of the earth. • The only peoples among whom 
it cannot ndW be discerned are the broken 
and scattered Veddahs of ' the forests 
of Ceylon, and perhaps some disorganised 
tribes of Fuegians. These ^em to have 
gone back to the family group; and it 
is very likely that their present practice 
of closdy inter-marrying is a temporaoj 
aeddent, which, if not reme<Ked, 
sweep them away with the ytoquished 
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l^ushmen and the disappearing Hottentot 
(,f South Africa, both of whom also took 
to marrying^ with kinsfolk. 

By tracing the original totem group 
back to the scattered families which 
existed before tribal custom originated, wc 
may perhaps carry the law of marrying out 
of the group into an almost prehuman 
stage of culture. It is supposed that man- 
kind in the brute stage was governed by a 
rude primal law. 

In those far-off days, the group con- 
sisted, it is conjectured, of one adult 
male, a number of females, together with 
the young of both sexes. As the young 
males came to maturity, they would be 
e xpelled from the group by their sire, as is 
the case with cattle and other mammals. 
J'hey would then wander aboiit, as the young 
males of some existing species do, in bands 
of a dozen or more. At the marrying season 
of the year, however, the strongest of them 
would engage in single combat with the 
lord of some group, and cither kill him or 
drive him, like a rogue elephant, to end 
his life in lonely ferocity. 

The First Law of Marriage — “ Thou Shalt 
Not Marry Within the Group " 

Then, on this theory, as human feelings 
developed in the ape-like man, and cas the 
(hildren required a longer time to come 
to their full powers of mind and body, the 
ft'elings of maternal love increased in the 
mothers. They ke])t their children witli 
tliem. and this led at last to some of iUr 
youngest males being allowed to remeiin in 
the family grouj) on attaining matnrity. 
riiesire retained his sovereignty over all the 
fomales in the group, and so the young male 
hiul to win a mate outside the family- 
Thus originated the primal law, “ Thou 
shalt not marry within the group.” This 
law was first enforced by the superior 
^tRMigth of the jealous sire, but in the course 
f>f time it came to be a traditional rule of 
conduct, with almost the power of an 
instinct. Such is the ingenious theory 
Worked out by Mr. J. J. Atkinson 'and 
Mr. Andrew Lang. 

Defective though it is in some particulars, 
it constitutes the only working explanation 
wc have of the origin by natural means of 
primal law of marriage. It docs not 
seem likely that the system of forbidding 
intcr-marriage was, as the Australian legend 
pretends, a late invention of the human 
ravage. If there had been inter-marrying 
near relations from the earliest times, it 
'^cmld be difficult to discover by what 
^^^ans the general strength and health of 


body had been maintained and developed. 
No doubt there ma}^ have been aberrant 
forms of marriage in the very earliest ages, 
blit the offspring would be wiped out by the 
stern process of natural .selection. 

On the otlier hand, as Professor Stanley 
Hall recently pointed out, there .seems some 
ground for thinking that the myth of the 
fall of man is founded on a dark and 
terrible ('vent in the history of marriage. 

Str&Age F&cts from the Savage World which 
Throw Light on the Past 

It is probable that very early in our 
history man was kept in a straight course, 
in regard to the union of the sexc^s, by the 
fact that he was able to breed only in one 
brief period of the year. The family group 
was then lu'ld together by the care the 
children required, and the natural affection 
which they called out in their parents. 

Vestigc'S of a human marrying season in 
primitive limes can still be discerned. The 
tnan-like apts begin to mate when fruits 
are plentiful, and there is no reason for 
excluding the apc'-like man fnnn the law 
which jin'vails in the animal kingdom. It 
is true that the whale, the cle])hant, some 
rats and mice, and several of the lower 
monkeys are able to obtain so rich and 
('oust ant sn])ply of food that they never 
really want, and, as a consecpicnce, they 
liav(‘ no lixed period of mating. Hut the 
animals which are the nearest relations to 
oiir primitive ancestor, marry only in a 
certain time of the year. Moreover, the 
l)resnm])th)n that our half-human and 
perhaps ('aiiic'st human forefathers followed 
the general rule is sujqiorted by some 
strange facts. 

Some rude savages are stated to have, 
even now, an annual marrying time. Thus 
it is alleged on good authority that the wild 
Indians <jf C alifornia, who arc among the 
very lowest of existing savages, have their 
regular marrying seasons. 

The Beginning of the Spreading of Population 
all over the Earth 

This statement is confirmed by another 
observe r, Mr. Stephen Powers, of the United 
Stat(?s Cjcograjihical and (Ecological Survey 
Staff, who says of these Indians that 
” spring is a literal Saint Valentine’s day 
with them, as with the natural birds and 
beasts of the forests.” 

In many parts of the world, tribal 
marriage feasts arc still held in the spring 
months ; and popular customs in England 
and Germany and other European countries 
indicate that similar festivals were held 
there in ancient times. And at the present 
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day there is still, even in civilised countries, 
a periodical fliict nation in the birth-rate. 

Man iias thus gone through the same 
transition as certain domestic animals. In 
Southern countries the goat and the ass pair 
throughout the year ; the domestic pig - - 
whose sup])ly ,of food is also assured — now 
pairs twice a yi;ar, while its wild relations 
have only one mating season ; and some 
cage canaries have now been observed to 
lay eggs in both autumn and winter. Very 
likely it was when man became a meat- 
eater as well as a Iruit-eater that he escaped 
from his restrict (‘d marrying sc'asoii. Hut 
the development of this power, which has 
enabled him to spri'ad <jver all the earth, 
must have taken j)la( e gradually ; and in 
favourable^ circumstances it j night havt‘ at 
once made for progress in every direction. 
For with it man’s emotional nature ex- 
panded, and this in turn addcul a n(‘w 
stimulus to the growth of his intellectual 
faculties. He was able t«) multiply more 
rapidly, and the largtM* numbc'r of his off- 
spring urged him to greater exertions and 
inventions as a hunter. 

TKe Nfttural Forces that Strengthen the 
Modern Marriage System 

When, liowever, man won the extra- 
ordinary ])ower of b(‘ing able to marry 
throughout the yc'ar, he. seems to have mis- 
used it, and- che('ked his physical and intel- 
lectual growth by wild indulgem'e. Some 
men of science an' iiicliiK'd to think that the 
intellectual jhancis of tlie negro races are 
still peimanently injured in tliis way. 
Mankind, hap])ily, succeedetl in slowly re- 
gaining some of the ground it had lost, by 
surrounding everything connected with the 
union of the sexes with fearlul ta]:)()os and 
menacing superstitions. Nearly all modern 
.savages n'gard ihcir women as in\ steriously 
dangerous creatures; and their religious 
marriage rites are performed with the object 
of lesseuing the peril of living with a wife. 
The ancient su[H'rstitious fear of w-oman is 
one of the chief causes of her social degrada- 
tion in the lowi'st stages of culture ; but it 
must be remembered that this degradation 
was, in its origin at least, a roundabout 
means of saving the race.* 

And now, having dealt with the interest- 
ing but diflicult problem of the origin of the 
inagnilicent system of jneventing inter- 
m^riage wliich has done so much to benefit 
mankind, let us endeavour to trace the 
development of the institution of marruige. 
Among nearly all the lowest savages, a man 
usually ha5, only one wife. This seems due 
mainly to economic causes. In very low 


stages of society no distinction of class 
exists ; the accumulation of wealth is impos- 
sible ; and as life is principally supported by 
hunting, the labour of women is not of very 
high order. 

All over the world there are natural forces 
that tend to restrict a man to one wife, and 
a woman to one husband. The sext's 
are generally about cc^ual in numbers : 
this makes everywhere for single marriage s. 

The Marriage Customs of the Peoples of ths 
East 

Thus it comes that peoples and nations 
notorious for their polygamous tendencies 
are setm to be, on closer study, usually 
marri(‘d in single couples. In India, lor 
example, mon* than 95 per cent. (►! 
Mohammedans are wedded to one woman. 
In Persia only two men out of every hundred 
enjoy the doubtful luxurv of a plurality of 
wives. The mass of the Hindoos are 
married singly ; and among the labouring 
classes in China, also, it is rare to Ihid more 
than one wife* to one man. It is a mistakisj 
opinion that in what we speak of as a polv- 
ganious .sociefy most men have more than 
one wife?. Th(^ relative nun\bcrs ot tlui sexes 
forbid the arrangement b(‘ing extended to the 
whole population ; really only the wealthier 
can indulge in scx^eral wives, the poorer 
having to be con I cut with one, or often none. 

As we shall see wJien wti come to deal with 
the pro]>l(*m of tlie pn)pr>rlion of the S(‘xt*s, 
there are e(*rtain factors wliich at tiiii'.s 
seriously disturb the ecjuality in tlu* nuinhei 
of young meii and women. These, distui i>- 
anees jiroduce grave disr^rders in so('iel\ . 
and sennetimes lead to the I'slablishmeiit <>1 
abnormal and unhealthy customs el 
marriage. Polyandry, or the marriagi* ol 
one w'oman to several men, is, for example, 
found in Tibet and India and elsewlune. 

The Only Human Feeling with a Single 
Absorbing Aim 

Hut as we nov/ only wish to trace the main 
lines of develoj^ment of the union of the 
sexes, we iniist keep in view the forces that 
make for progress. Chief among these is the 
passion of love. True love may be said to h^’ 
a real monogamous instinct. It seems to Ik* 
the only human feeling with a single absoi h 
ing aim. The feeling of fellowship is by 
nature diffused ; even a mother’s affection 
allows a plurality of objects ; revenge docs 
not always desire t(^ have but one victim : 
and the lo\'e of domination needs man\ 
subjects. Tlic greatest intensity of love, 
on the other hand, limits the regard to oni* 
person. In the imagination of the lover, 
the beloved acquires an immeasurable 
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su|"oriority over all other men or women. 
>() doubt in its beginnings the special passion 
of love may turn upon a small difference of 
liking, but such differences are quickly 
magnified by the wonderful efl'cct of emotion 
upon the imeigination. A lover’s thoughts 
and feelings act and react until their object 
is distinguished in a transcendent way fiom 
all other members of the same sex. 

The Ofily Native American Race which 
has Given its Women Political Power 

This absorV>ing passion is not confined to 
II ion and women of civilised societies. It is 
loiind among savage peoples, and among 
birds, and some of the lower animals. The 
love-bird, for instance, rarely survives the 
death of its mate, even when supplied with a 
iKsh and suitable rom]\anion. Wlien love is 
allowed free play, and is' not degraded, tlie 
lowest savage is not only remarkable for tlie 
jmrity of his marriage customs, but he is 
nobly distinguished for the high position to 
winch he raises his women. Among the R('d 
Indians, for instance, the Iroquois never 
marry more than one wile, and tliey are the 
only native race of Anumica who have given 
to woman any j)olitical power. The Iroquois 
matrons had a representative in the public 
councils ; they had a right to forbid a w'ar, 
and '4 right to interpose in bringing abtuit 
a ])eace. They possessed also considerable 
authority in family matter‘d. Among the 
Nicaraguans -a pco])le almost wholly mono- 
gamous- the husbands are said to l;a\ o iu'en 
so rmich under the control of their wives 
that they were com}»elled to do tin- house- 
work while the women did the trading. 

The mighty and benign power of lr)ve has 
probably played a larger i»art in tlu‘ evolu- 
tion of Imman society than . the man of 
science commonly eulmits. It is coni])ara- 
tively easy to estimate tlxi external forces of 
pi ogress, and for this reason these forces 
liave been long and widely studied. The 
result is that their effects have often been 
gr(‘atly exaggerated, wdiile the more subtle 
and profound advance achieved by the 
various forms of human love has been 
almost lost sight of. 

The Taboos which the Savage thinks are his 
Protection against Women 

I'lifortunately, scarcely any modern 
^a\'age feels the highest passion of love. 
^Superstition and custom compel him to 
^a gard his women as dangerous vessels of all 
ts of mysteriously evil intlucnces. A great 
of his life is spent in observing taboos 
''jiicli l;e thinks protect him from the perils 
ut intercourse with the sex that he regards as 
'veaker and yet more fearful than his own. 

IB 


In many ca^-cs a marriage between 
savages is a kind of divorce. For instance, 
all the male Fijians, married and un- 
married, sleep at the club-houses, of wdiich 
there arc generally tw^o in each \illagc. In 
New Caledonia the wife lives and sleeps by 
herself in a shed near the house, and so do 
the women in New^ Guinea. The Nubians 
have tw'o dweiling-hoiises, one for thi‘ males, 
the other for the females ; and tliere are 
Red Indian tribes with tlu' same arrange- 
ment. The Hedoniii tent is divided into two 
compartments for the men and women ; no 
Hindoo woman must enter the men’s apart- 
ments ; and in Ivorc'a tliero is little inter- 
courst! between luisband and wife. If a 
Hindoo wife were to touch the food her 
husband was about to (*at, it would be 
nMHUa*(‘d unfit for bis use. "1 lie same sii])er- 
stition obtains in FgyiU, in various ])arts of 
Palestine, in Siam, China, among many Red 
Indian tribi'S, and African ni'groes. Among 
the Harea trilx'in ICast Africa tlu‘ fear exists 
that it liusbanil and wifi' sli'ep t(^gi‘ther the 
breath of the wufo will steal away the 
husband’s stn'iigth. This fear of effeminacy, 
in its litiM'al S(‘nse, is at tin* bottom ol 
thesij extraordinary taboos. 

The RelalioAs of the Husbands to their 
Wives among Lower Savage Races 

It is not ('xtravagant to say that the 
almost universal siipiustitious fear of women 
in ])riniitive tiini s is tln^ chief cause of the 
(U'gradat ion of the wufe, and the long lack 
of progiwss in all marriagci relations. 

For this reason \vv. an^ not inclined to 
agree wath the minnaons w'ritias who 
consider that tin' degradation id' w'oinan 
bi'gaii wiien inarriage-by-]nir('hase wais 
('volved. It is triK* tliat woman thereby 
beeanie a chattel, but^the mere tact that slie 
berame valuable strengthened the marriage 
bond. When a wife I'osls many bullocks, 
or has to be earned by serving licr father 
for two or three years, the. ordinary man 
cannot aft^'rd to get a new wife on every 
occasion w'hen his fancy, changes. 

.Among lU'arly all the lower savages who 
are nominally married to a single wife 
whom they obtain with little trouble, the 
duration of the marriage is often very short. 
Tlu' .Andaman IslandiTS, the A^xldahs of 
Ceylon, and certain tribes in New (iiiinca 
and the, Indian Archipelago are the only 
people in tlie lowest stages of culture wiio 
are known to be faithful all their lives to a 
single wife. The Indians of North America, 
for instance, dissolve their unions as 
readily as they enter into them ; and long 
before George Meredith proposed one-year 
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marriages, the Creek Indians of North 
America had reduced the idea to a general 
custom. Among the savages in the interior 
of the .Malay Peninsula it is not uncommon 
to meet persons who have been married 
forty or hf l y times. The natives of Tasmania 
seem to have been as bad ; and so were 
the Madagaipc ans until thc}^ became con- 
verted to Christianity. 

To put it shortly, among savage races, 
especially wIktc women are obtained 
easily and single marriages are common, a 
man may divr)rce his wile whenever he likes. 
As J)r. Kdward Westermarck points out, 
tliere is ofti.*n a show of reason for the 
extraordinary lickleness of the lower 
savage. TJie savage woman very (piickly 
loses her good looks ; the hardships of a 
wandering life, the light against famine, 
and the bearing of children rapidly make her 
an old, wrinkh'd woman. Often when a 
savage woman has reached her twentieth 
year the flower of h('r life is gone*. About the 
same time she may begin to lose her mollierly 
qualities. Ihislimen women become stcTile 
a few years af((‘r reac hing maturity. Among 
the P'ulali, of the Sudan, it is Vare for a 
woman older than twent}’ to become a 
mother ; and in IJnyoro, one of the ])rovinces 
of Jiritish J^asl Africa, Emin Pasha never 
saw a woman o\’er tw<'nty-l\ve with a baby. 

Savage Marriages and the Effects of War 
on the Marriage System 

Th(‘sc facts have a bearing, not only on 
the short duration of savage marriages, but 
oil the problem of the- almost general 
inclination to ])olygamy among the lower 
races. Many writers attribute rather too 
much to \varfarc in shaping the forms of 
marriage. It may be that tlie continual 
wars between the North American Indians 
kept down the niiml)ers of men, and left 
many women tin* altc'vnative of remaining 
umnarried or bc'coming th(' sc'cond wife; of 
.some warrior. But in Australia, where tliere 
are more male savages than females, the old 
men of the tribe keep s(^ many young wives 
each that the young men have sometimes 
to wait until their thirtietli year before they 
arc able to get man ic d. 

It is not in war and in other extcumal c'on- 
ditions that tlu^ original source of man’s 
sins against love lies. Pride of life and other 
things led liim astray. He had the true 
light within him. The juimitive VTxldahsof 
Ceylon prove that; for tlioy, at least, 
kept the flame of love pure and bright in 
their liearts, while tlicy croinrlied in naked 
misery in their forests. Where all over the 
earth man rose to power and wealth, he 
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degraded himself into a polygamous animal 
wlien he had the opportunity. Even tin 
ancient Teutons — the ancestc^rs of many 01 
us — whose noble virtues Tacitus great h 
commended to the decadent Romans, took 
several wives when rank and wcaltli 
enabled them ; and so did the Scandinavians. 

Yot, to the peoples of Northern Eur(q)r 
and their offshoots, the Dorian Greeks, thr 
Romans, and the later n«ations that swept 
southward from forest and liord, we musi 
allow the high honour of evolving Du- 
modern lasting marriage of love boBveen a 
single man and a single wife. 

The Improved Condition of Wives who are 
Married by Purchase 

They began, like many other races, with 
marriage by purchase. This form still obtain^ 
among many ^savage peoples, and it 
seen in its full efficacy among tribes and 
nations in Ihe agricultural stage of ciiltim . 
Tlie women do most of the work of farmiiiL*,. 
and they arc therefore as valuable to tla ii 
fathers as they arc to their husbands. '1 Ik 
practice of serving for wives obtains anmug 
rude savag(‘s, sneb as Ibc Bushmen and ilir 
Euegians, who ])ossess little or no pro])(‘ii\. 
In this case the bridegroom helps the fallK-r 
of the bride in fishing and hunting. 

It is worthy of remark that the men of 
both these very low races are distinguisluMl 
by their love for their wives, and their 
family ties are very strong. .These facl.^^ 
surely go to show that when women in 
iiavage or barbaric socitdies have to I'l* 
])nrcliased by labour or goods, their position 
is generally improved. They become lod 
exi)ensive and also too useful to l)c cbanL^K d 
for a whim. Young Zulus who are without 
cattle have to wait many years bedoo' 
marrying. So in the New l^ritain group 
of islands, the price of a bfide is often ro 
high that the intending husband is middle- 
aged by the time he gets a wife. 

The Marriage-by-Capture Romance Built up 
on a Slender Foundation 

This state of things leads naturally to tli*- 
very curious variation of marriage on 
credit. When marriages of this sort lak* 
place the wife and her children cannot, a> » 
rule, leave tlie parental home until all 1’;^ 
instalments are ])aid. In Unyoro, to cpioo 
Eniin Pasha again, if a p>oor man is unal':'* 
to pay the cattle for his bride, he may ha .', 
them over slowly, one by one ; the chi Ido n 
born in the meantime belong to the wiio - 
father, and each child must be rcdceiui l 
by a cow. 

It has often been suggested that niatria!.:* 
by purchase grew out of marriage by cajdiii < 
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This view has an engaging simplicity and of their fathers and l^rothers, l^iit these 
jrason ableness, but savage customs are were accidents, and they did not atfect the 
\(‘ry complex, especially in regard to the evolution of the institution of marriage, 
union of the sexes ; and, besides, it has Marriage b}^ purchase is in its origin very 
iirver been proved that marriage by capture obscure. The obscurity arises from the fact 
was ever a general practice. Few theories that the l)ride-])rice seems to have been 
(if primitive society have had such a vogue customary long before the idea of buying 
.1^ that of marriage by capture, and few and selling became connected with marrying 
hax e been built on such slender founda- and giving in marriage. So wc get back to 
tions. The tinge of romance about it has, the dim region of j^rimitive sii|)erstition. 
no doubt, had something to do with its Now, gifts among savages are connected 
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1'1‘iilarity. But, as Mr. Ernest Crawley has with savage ideas about magic. By giving 
Ji 'W ciearly shown, the widespread wedding anything belonging to 3^011, you ])ut 3T)ur- 
< ‘ a inonies which have been mistaken for self in the power of tlu* person tn whom \'on 
V' sliges of a system ot forcible abduction give it ; for if he is evil-intentioned he may 
only designed to bring out the ordinary, be able t(^ cast a dn'adful spell upon yon 
'hlightful fact that the bride is shy, and by charming something that Ix'longed to 
:d her mother is loth to part with such a you. A gift, therefore, becomes the sincerest 
* 5 ‘ asiire of a daughter. Of course, there evidence of friendship. 

Jiive been many elopements, and women The principle involved is ])ersonal and 
^*‘*ve been carried away, over the bodies religious; it is a pledge rather than a j)rice. 
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Hridc-gifts thus had origin, 
ally a religious importanet . 
But as the commercial in. 
stincts of the parents ripen, 
and daughters are found t<i 
have their price, the old itU d 
fades into the light of com- 
mon day, and marriage hc- 
comes partly a business 
transaction. But even amoni; 
lK'oi)les where marriagti hy 
purchase obtains in its 
grossest form, the bride dot s 
not always lose all her rights 
in her biidc-gifts. Marriage 
among the Kaffirs, for in- 
stance, is not a matter <>1 
mcTO barter. The cattle paid 
for the bride are divided 
among the male relations, 
but tluy hold them i)artl\ in 
trust for the wife and In i 
children. For, if she is h li 
a widow, she can demand 
assistances from ('vc'rybodx 
who has had a share in Jn i 
dowry. Moreover, the fatlici 
provides a marriage o\. 
which is a jiundy religroiis 
gift. It is known as “ llu 
ox of the hride,” and it ^ 
eaten at the marriage feast. 
'Fhis ox stands for the x aliie 
of the girl ;it is also a ])led.ui‘ 
to the lu'ide and bridegroom 
that when the father die-; 
his spirit will not haiiiit 
their home: and it is, besides, 
a suj)(‘rslitious tokem Ihiit 
the marriage will be ble.ssed 
by many children. 

Marriage bv' jmrehase ha< 
an esj)ecial intiaest for n^'. 
Our old laws spc'ak bluniK 
of “ buying a maid ; and 
in (jermaiiy, throughout i1h‘ 
Middle Ages, “ buying a 
wife was the coimn"n 
|)lirase for marriage. So ia 
f)ur marriage customs we an* 
not v(‘ry far removed if an 
the savag(! Kaffir. Read' ly 
of Mr. Thornas 
“ Mayor of Castcrbridg< 
will remember that some ol 
our old-fashioned j)casani> 
are still inclined to think 
that they can put a hai'at 
round their wife and drag 
her to the market-place and 
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>(•11 her to any bidder. The 
tiling has actually been done 
ill modern times, and many 
I'renchmen fancy it is still 
;ni ordinary English custom. 
Marriage by purchase llour- 
islicd in the days of King 
Alfred; and Canute found it 
necessary to make a law 
forbidding the guardians of 
a girl from selling her in 
marriage for money against 
lur will. But |)erhaps this 
was a recrudescence of bar-' 
barisni due to the Danisli 
iin asion. For in spite of the 
commercial ajipearance of 
the Teutonic inarriage, the 
|)osition of a married woma’i 
was a fairly hajipv one. h'or 
many years tlu^ old, liarsli 
forms (Midnred^ but the sjnrit 
ol the cerenionii'S si'c'ins to 
have changed for tlie better 
long before tli<‘ spri'ad of 
( liristianity. At first a jKirt 
ol the' j lurch ase money was 
};i\en to the bride, and then 
the whole of it was bestowed 
upon h<‘r as a dowry. 

No doubt the force's Ix'hind 
ih(' ha[)py evohitiem of mar- 
riage' by dowiT out e)l mar- 
riage' by ])urchas(' were* of a 
moral anel spiritual kiiiel. 
Marriage' by purchase' hael 
tulliileel its eibje'ct in making 
the uniein of the sexe'S stable' 
and lasting; anel out eif the 
•^tahility and perinane'iice' 
i^rew a stremger anel pure*r 
hcling eif leive* be'twe'en the 
•nan anel the woman, which 
hclpc'el te) give the woman 
more impeirtance in the 
national life*. Marriage by 
l<'\\er deve'Ieijied in turn. 

ing tej the fact tliat * it 
|HU still greater elifficulties 
"• the; way eif a husband whei 
^'aiiteel a elivorce. Among 
Lh( IVutems of eaii\' times, 
bride-price which was 
•aiuled over te) the wemian 
her marriage jiortion 
eaine her exclusive ])ro- 
' ty, of which the husband 
’“•lie I not dispose'. And in 
i^Mition to this wt'alth, which 
^^••erally consisted of cattle, 
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THE WOMEN INVESTED WITH DECISIVE POWER IN THE DAYS OF ANCIENT ROME 



A notiible example of the mystery which still environs women in (Oriental countries is the institution of the Vestal Virg:ins. the maidens of ancient Rome who guarded 
the t**mph‘ ofVe^ta. the 'goddess of home life. Thevlive^l in a hoii>e ii’i the SatTed Way of the lM)rum : and during the thirty years in which they were vowed to 
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slie received from her parents an 
i-ndowment — ^likc the modern 
iMvnch dot — which was a sort of 
c .mpensation for her inheritance, 
(U an advance on it. This was 
also her private property, in that 
lu r husband had to return it to 
lit-r if the marriage was ever 
ilissolved. Thus an ordinary 
man who put away his wife lost 
a great deal of his property ; and 
Ik; had, besides, as in the old days 
of marriage by purchase, to 
provide another bri(le-])rice if he 
wanted to marry another woman. 

For some hundreds of years 
after Christ marriage remained a 
civil contract, in which, no ])riest 
t«)ok any part. It was a private 
f.iniily matter, like the selling of 
a house. In England it consisted 
of two separate treaties — the 
wedding or the betrothal, in 
wliich a ring or a penny was pre- 
sented to the bride «as earnest- 
money ; and the n‘al marriage, 
«>r giving of the woman, when tlie 
cattle were handed over, and the 
girl was made a wife. The modern 
( iigagement-ring now represents 
tlie old earnest-money given to 
tlic intended bride; and the 
l»est-maii of the bridegr<.)om is 
tlie sole representative of the 
friends who used to stand surety 
at. the betrothal for the payment 
of the bride-price. 

The modern civil marriage is 
generally regarded as an extra- 
ordinary innovation. I^ut it is 
not so in fact. It was not until 
the tenth century, in England, 
at least, that a marriage Ix^camc 
an ecclesiastical institution, 
and a priest took any part 
in the marriage service. Even 
then the marriage rites were 
only j^erformed before tlie door 
of a church, where the priest 
(losed the ceremony with a 
hlessing. Throughout the Middle 
Ages the principal act of the mar- 
^ iage celebration — that is to say, 
the consent of the parties— was 
conducted at the porch of the 
ehurch in England, France, and 
furmany. And marriages con- 
tinued to be celebrated at the 
rhurch door until the sixteenth 
century, when the liturgies * of 


TUIC TOTIiM POLP: OF 
A PRIMITIVE RACE 
The totem is an animal held 
sacred by certain primitive 
races as having; a magic power 
of protection ; and totem |kj1cs 
like thib arc bet up in villages. 


Edward VI. and Elizabeth first 
required the ceremony to be per- 
formed in the sacrcil building. 

As Dr. Wcstermarck, perhaps 
the best authority on the subject, 
says: ‘‘ J'he history of human 
marriage is the history of a relation 
ill which women have been 
gradually triumphing ov(‘r the 
])assions, the i^rejudices, and the 
selfish interests of men.” The 
tale of the evolution of marriage 
is really tlu*. story of the growth 
ill strength, ])urity, and constancy 
of the diviiu* spirit of love. Some 
persons at the jiresent day seem 
inclined to doubt whether we liavc 
reached the highest stage in the 
d(‘vel()pinent of the institutions 
which ngulate tlu; union of the 
se.xes. W ell, as a modern novelist 
remarked, civilised man lia.' 
passed Seraglio Point, but he has 
not yet rounded C^ajie Turk. Ilis 
natural instinct, that is, still 
breaks through civilisation. Our 
hearts ne(‘d to bo cleansed, and 
our wandering imaginations puri- 
fied, before we have comjiletely 
reduc(‘d to jiracticc the high idea 
of monogamy. W’e have still 
mueli to learn from the V(‘ddahs 
of ('eyloii, wlu) are said to be the 
most primitive peo])le iiithc world, 
every man of whom rt'mains faith- 
ful until d(‘atli to a single wife. 

On the other hand, the notion of 
(evolution and progn'ss can be 
"a pushed too far. There is no ]n'()- 
^ gross in marriage bi*yond mono- 
gamy. Everything jnit forward 
as a }:)ret(*nded sulistitute by 
writi‘i*s of the revolutionary school 
is a degradation from a standard 
of ])erfection which we. have yet 
fully to attain.. Savage and bar- 
barous races in various jiarts of 
the world are carrying out all the 
so-called ‘‘advanced ideas” on 
marriage found in our recent 
literature of rebellion, and in every 
case it is clear that these ideas 
arc a (k'gradation. Marriage for 
life between one man ancl one 
woman is a sacred institution ; it 
is built out of the tears and 
blood of many martyrs, out of the 
sufferings of the countless women 
who existed in the long ages 
before it was established. 
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NATIONS OF THE FUTURE 

The Underlying Forces which may Change the Future 
of the World and Upset the Balance of Power 


ROOM FOR THF: 

G reat I^ritain, tliu I'liitud St alts, and 
(iorman)^ — An^lo-Saxfais so-calli'd, 
and Teutons— these and some otliers we 
reckon the leading nations of tlie world. 
Australia is an Anglo-Saxon continent ; 
there are S|)aniards and Portuguese^ in 
South America ; there is a welter of 
brown and yellow in Asia, much despised 
as “ natives ” and “ yellow monkeys ” hy 
the few Eur()])eans in the contiiHUit ; and 
the white man invades Africa, where he is 
distressed to discover a “ black ])eril.” 

Such, ai)i)arent and untestc'd, is the 
balance of ])ower in the human family at the 
l)resent time. Was it alwa\s thus ? Will 
it be always tliiis ? And, if not, what are 
the forces which will change it, whither do 
they tend, and what do lh(*y ])ortend ? 

Certainly it was not always thus. There 
was a time when, throughout the known 
world, to say “ I am a Roman citi/en was 
to ensure safety and lunnage. “ 1 am an 
Italian does not sound the same in Soho or 
New York to-day. There was a. time when 
Si)ain well-nigh mastered the world, and 
could do almost as she would in the Xetiier- 
lands ; and only the other day the so-called 
('aucasian race, as rtiprc'sentetl by Russia, 
seemed to have the yellcAV world at h(?r feet. 
More remotely there*, w’ere j^eriods of (rreek 
and Egyptian dominance ; a ])eriod when 
Minos of Crete swayed a sea-empire which 
all men feared ; and an e])och, saul to have 
endured for four thousand years, when 
Babylon and the Babylonians were the 
dominant people of the earth. 

Why are things otherwise now ? Has the 
rain ceased to fall, the rivers to flow, the 
soil to bear its harvest, the sea ami the 
mountains to protect, wdiere formerly these, 
nations were so hapj^y and so strong ? 
And if the external conditions persist, in all 
essentials, so that geography and the face of 
earth are not responsible, where are we 
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to seek for the cause of these tremendous 
changes ? Cause there must be ; and the 
doings which destroyed Rome and Babylon, 
tlu* factors of tliis universal and recurrent 
tragetly callet.1 Decadence, must doubtless be 
essentially the same from age to age, whether 
in Asia or in EurojK', or wherever else 
nations arc bom ami grow and flourish, and 
have no more external foes to fear, and 
then fall, struck at the vitals by some secret 
malady which no battalions could dis[)erse, 
and no physicians diagnose. 

It might be that races differ widely in 
their natural i)owers, ,so that some are de- 
stined ever, and some never, to be slaves. It 
might be that yelhjw and white have only to 
me(‘t for the yellow to succumb —as wc 
should (Nxpect ; or the white to succumb —as 
in point of fact ha])])ened. But history does 
not hear this out. ()n the contrary, races are 
sometimes dominant, sometimes ('ushived ; 
and they are never so much in peril as when 
all j)eril seems past. In the history of 
nations, as of individuals, the paradox is 
incessantly ilhistrated that nothing fails 
like success. 

Thus, wherever we can adequately trace 
the history of any part of the earth’s sur- 
face, we iind that it has repeatedly and 
successively been overrun and occupied by 
compierors of this, that, and the other race, 
who have managed to make a place for 
themselves, to oust established posscssijrs, 
and yet could not maintain what they could 
wan. No measure of success, no “ far-flung 
battle-line,” no bottomless colters, no public 
buildings, no annual tribute of money or 
men or maidens, no glories of litenature or 
art, no physical culture, no higher education 
of w'omen, have availed i'n the long run to 
avert the fate of all our imperial prede* 
cessors from Babylon to Spain. 

Man alone, of all living beings, constantly 
increases in numbers. In exceptional 
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circumstances, commonly due to his inter- 
ference, other forms of life may suddenly 
multiply or decrease. Otherwise, however, 
the balance of living nature has long ago 
been attained, and has been long' main- 
tained, so that other si:)ecics, animal and 
vegetable alike, persist in constant numbers, 
on the average, from generation to genera- 
tion, only one pair of offsj)ring surviving for 
every parental pair — ^j^ractically all adult 
forms of life other than man liimsclf 
becoming parents in due course. 

The Ever-growing Mnss of Htiman Beings 
always Struggling among Themselves 

Man alone multiplies, and has doubtless 
always multiplied, in his unique fashion, 
from his very beginning. At this instant of 
writing tliorc are more human beings 
existing Ilian ever before in all the eternity 
of the past ; cand there will be more still 
when these words are read. This incessant 
expansion of races. is one of the ( ssential and 
explanatory facts of man and of his history 
in all limes and places. 

It follows the law of all other living things, 
however, in this respect. Other living tilings 
coin])(;le with one another, sjiecics against 
s])ecii's— though this is only the lesser part 
of living competition and the weakest go 
to the wall. NV)w man, though he is all one 
s])ecics, is yet divided, and has for age.s been 
divided, into various races and nations, and 
these have always comi:)eted among them- 
selves, and do so at this hour, just as differ- 
ing animal and vegetable s[)ecics do. And 
while the issue of this struggle has depended, 
and always must tlepeiid, on many factors, 
w^hich it will be our future business to 
unravel, there has always been oiu^ which 
has transcended all other considerations in 
importance — except, indeed, that it has 
largely been their consequence. This stu- 
pendous factor is the pressure of population. 

The Crowd in which there is no Elbow Room 
Must Break down the Railings 

If you have a space filled with a gas 
whose molecules occur at the rate of, say, 
a billion billion in every cubic inch, and 
next to it, without any harrier, a space 
tilled with a gas whose molecules run to 
only a million billion in a cubic inch -well, 
no sooner huve you such a state of things 
than you have it no longer. The law of 
gaseous pressure declares that the mole- 
cules from the region of higher jwessure 
must invade the region of lower jiressure 
until the pressure throiighoiiL the space is 
made eipial. “ Nature abhors a vacuum,” 
or even a relative vacuum ; and the crowed 
in w'hich there is no elbow-room will always 
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be apt to expand, even at the cost of 
railings. It is the idea of an explosion, 
such as drives a bullet or an aeroplane ; 
and it may be counted upon with certainty 
the first time or the billionth. Barriers 
may be oi)])oscd to this pressure ; if they 
arc impermeable, and the (lifference on 
the two sides of them ]x^rsists, they will at 
last be forcibly penetrated ; if they are 
partly permeable — like the Franco-dernuiu 
frontier — ^thc molecules will gradually but 
certainly pass from the region of higli to 
that of lower i>ressiire ; and this ])R)cess 
of emigration and immigration wall proceed 
by means of W'hat, in the sphere to which 
we are now coming, is called “ peaceful 
penetration.” 

The law of popiilalion-jiressure is ])ri‘- 
cisely parallel. Why there should be grcatiM' 
jiressure of men in one part of the world 
than in another ; why the pressure should 
rise more rapidly in one ]^lace or time than 
in another ; why it should even fall, of its 
own accord, in certain times and })laces, 
arc qiu,‘stions to be considered. The\ 
depend upon matters of parenihood, and 
life and (leath, and birth-rates and death- 
rates, and food sup]>ly, w'hich have no 
parallel in the molecules of a gas. 

What Must Happen if the Present Pressure 
of Population Continues 

Our immediate concern is to observe th» 
consequences of the actioji of this law wIh'H 
ciixui instances give it ojqxjrtnnity. And its 
importance, and the constancy of its 
operation, must be remembered in the light 
of the fact that human pojmlation, as a 
whole, is always increasing, so lliat popula- 
tion-pressure is always rising soniewheiv, 
and must be reckoned with. If all pari*- 
of the earth’s surface were ecjually luihil- 
able, and equally desirable in the eyes ol 
all men, aiul if niaiikiiul were ccpially dis- 
tributed tliereon, and ii the birth-rate and 
death-rate in all parts were the same' 
then tlie law of population-pressure eoiild 
be ignored. But e.xactly in so far as tlie.^r 
conditions do not obtain, it certaijil\ 
cannot be ignored. 

If wc ask wdiy the human population (»! 
the earth should now be distributed as it 
is, wdiy it wa.s. once otherwise and did in i 
so remain, and what its future is to he 
,wc must at every stage reckon with the 
law of population-pressure. We are in t 
entitled to assume that present condition - 
and tendencies will everywhere per- 
sist. High birth-rates may suddenly fal! 
and low ones may rise. New diseases ma\ 
be introduced into populous countrie' 
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or old ones multiply tlicir victims, so that 
the death-rate rises, or the vigour of the 
people is saj^ped. Populous nations may 
invade and seek to colonise countries to 
which they are not adapted, and to which 
they cannot acclimatise themselves. Evi- 
dently we are dealing with something more 
complicated than tlie behaviour of gases. 
But we arc fully entilled to say that, if 
the present tendencies, apparently well 
established and unlikely to change, persist, 
as we may reasonably expect them to 
])ersist, tlie consequent distribution of 


tropics, there is one thing he cannot do ; 
and it is the vital thing, lie may rule and 
trade ; he may organise and exploit ; he 
may civilise and administer justice ; he may 
even tlirivc as an individual, and reach a 
good old age. The one thing, it would 
appear, which he cannot do is to hrecd 
there ; and nothing else matters in the long 
run. lie may simd out to the tropics, of 
each generation, a number of repixisenta- 
tives who may do great and useful things, 
but that is not colonisation. As the 
Tasmanians disaj)peared wlu*n they were 
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])opiilation and of its t)ressnre in the near 
luture will alter tlie existing order in ways 
of which not one in a million of us has 
dreamed. 

Before we indicate the trend of things, 
le.t ns dispose of one important question 
NiTiich is, indeed, still ojien, and on which 
the last lialf-ccntury has thrown much new 
light. It seems likely that the inhabitants 
of temperate climes cannot really colonise 
the tropics. Though the white man may 
successfully do everything' else in the 


expatriated ; as wild animals in cajitivity, 
though individually well, often fail to 
reproduce tliemselves, so it siems that 
the \vhite man cannot colonise tlie tropics, 
because his race caniUit persist there. If 
this conclusion be sound, it follows that 
until and unless the factors which interfere 
with his fertility in the tropics be dis- 
covered and controlled, the white man ( an 
neither replace the indigenous inhabitants 
nor do without them. This verdict of 
science may be wrong, but if it be right it is 
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in most notable accord witli the oy)inion of 
liuinanitarianism, and knocks the bottom 
out of tlie ynactice of the “ practical man/' 

Here, then, we shall ignore the Tropics, 
as probably furnishing a special case, 
due to the local conditions; and, having 
noted in j)assing that history records no 
tropical civilisation, whatever that notable 
fact may mean, we may ask ourselves 
what will be the consequences, in the near 
future, of the law of poinilation-prcssure, 
acting in the tem])erate /ones, if present 
rates of increase persist. To this question, 
which is ynobably of uny)aralleled moment, 
certain answers can be returned. 

Thus, it is a necessary consequence of 
the' law of ])oy)ulation-])ressure that if 
Germany continues to add some eight 


itself, gradually or with military violence, 
in the past, but the ultimate result will be 
the exjxmsion of the German people into 
France. That fertile land could Jiow main- 
tain three times its jnesent population, 
to say nothing of the conse(|uences of future 
developments in agricultural science. 

Much more striking is another con- 
temporary instance, which jiresagcs tragedy 
in the not distant future unless wiser 
counsels yirevail, as they have nev^er yet 
jnevailcd in uneducated tlernocracy. We 
own, l)ut we do not occuyiy, an almost 
uninhabited contiiUMit, called Australia, 
of which ex-Pr(‘sideut Rf)()sevelt has lately 
declared, \ery gri'atly under-estimating the 
truth, that would su|)port ten times its 
jH'esent population. Sonu; day it will sup- 
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hundred thousand units or so to her popu- 
lation every year, and France adds compara- 
tiv'ely none, J^'rance must therefore in- 
evitably become weaker than (ierinany, 
and uiulergo Teutonisatiou. The two lost 
ynoviuees imnvly yiresage the future. War 
tiicre may not, need not, should not be, 
but through what tlu^ jdiysicist would 
call the ^ senii-[)ermeal)le iiKanbraiie of 
the Franco-Ciiuinau frontier, French and 
German units must yiour in either direction 
ill jiroportioii.to the yucssure behind them ; 
and this German immigration into France, 
far exceeding the contrary y^rocess, and at 
this liour a major fact of European yxjlitics, 
must yiersist until equilibrium is attained. 
Intermarriage or racial mi.xture on a wiile 
scale there will doubtless be, as there has 
always been when this law has asserted 
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port nearer a hundred times its pn'seni 
}:)opulation. Of both Xcw Zealand an I 
Australia it is triu' IJiat the univer^.il 
laws ot lilc have undergone modilicatioii 
by the action of a new factor -volimlary 
control t)f the birth-rate. These yiopiila- 
tions, with e\'eiv advantage, with ia> 
traditions or vi‘Sti‘d interests to handicap 
them, y)rotected Irom aggression by tht‘ir 
imptM'ial conneiMion, with a iiegligibl' 
native y>oy)nlatioii to eneoiinti;r, deliberatelx 
decline to increase. They arc the late>t 
illustration of the truth tliat nothing fail- 
like success. 

In onliM- to safeguard against that struggl* 
for existence which, tlirouglioiit the liviiu 
• world, follows irom the y:)ressure of yiojiulu 
tion iiyion food-suy^ydy, the Australian cle 
mocracy has not encouraged immigration. 
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;uicl ul>solutcly bais the incursion of the a j)cri<)tl of approximately a (luarter of a 

Japanese. We have thus a case parallel century the birth-rate in Japan has very 

lo thclt of the gases alieady considered, nearly doubled — -rising from 17*1 per 1000 

I he membrane betw-een the regions of high to 3^* Until very lately tlic^ pi'csont writer 

and low jjressure has been made imiier- has doubted these figures, since tlu-v appear 

ineable. Ihe low pressure on one side of so exceedinglv improbable, and because 

it remains low, and the high iiressnrc on of tlie extraordinary contrast wliich they 

the other side of it steadily rises. Will the present to the rest of I lie civilised world 

barrier of immigration laws last for ever ? But there can no longer he any doubt about 
/V! and })rt)bability must be them, or about tliiir meaning. J;i[)an, 

talsilied if this can be so. Whether by the the imitator, having bodily annexed 

removal of the barrier or the making of our civilisation, appears to have rejected 

.ijiertures therein, or by that form of hum;m its most notable and ominous consequence. 
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explosion which we call war, it IS necessarily Further inquiry shows that the striking 
eertain, ij present tendencies persist, that rise in the birtli-rate of |a|)an h:is followed 
Australia must ultimately become the home on the Russo- [a pa nest' ' War. The drain 
a Ja|)antse j)opiilation. Let us obserw u])on the manhood ot faj^an in that cam- 
> be facts of rising jiressure on one side of paigti was enormous, 'necessarily bearing 
Ihe btirrier, and com])are them with the a far higher ratio to the total ])oiinIation 
'pectacle of stagnation on the. other, while than in the case of a lingo population like 
men boast their patriotism in jmblic, and Russia’s. We are detinifely informed that 
I >1 iv’ately say : “ Aiter us, the deluge.” not only has the birth-rate subseiinently 

statistics regarding Japan must be risen in this uni(|ue fashion, hut its ri.se is 
accepted cautiously unless they be of very deliberately comiiensatory for the losses 
lecent date. It appears, however, that in of the war. The mothers of Japan, in 
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sliort, ate j^resentin^ their Fatherland 
with new citizens to take the place of those 
whose lives w'erc laid down in the war. 
Thus is Bushido, the patriotism of the 
Japanese, showing itself in the most 
remarkable manifestation of patriotism in 
recorded history — ^more provident, more 
responsible, farther sighted, more funda- 
rnentaFthan anything which can be brought 
into comparison with it. 

In China, hitherto, the growth of the 
population lias been laigely cor 
deliberate infanticide, and recent 
evidence suggests that the po[ni- 
lation of China has been con- 
s i d e r a 1) 1 y over-estimated. 
Nevertheless, the Mongolian 
population of tlu* 
w o r 1 d m u s t 
anifiunt to mori; 
than one fourth of 
the whole, and the 
anthropologist s 
report that the 
Mongolian brain 
is, on the average, 
heavier, and not 
of lower organisa- 
tion, than tliat of 
the white man or 
so-called Cauca- 
sian. There is a 
yellow ])eril, 
therefore, for the 
liiial reason that 
the yellow ])eople 
of the earth are 
increasing at a 
much faster rate 
than the white -- 
or the brown or 
black, for the 
matter of that. 

Thus, to con- 
sider for the 
iiKunent Japan 
alone, the pres- 
sure in that 
archipelago persistently and rapidly rises ; 
while the Australian birth-rati* tails, and 
the population is barely hiore than main- 
tained by Hie ridiculously scanty How of 
immigrants, mostly males, received from this 
country, who cannot, by themselves, “ found 
an imperial race/' or any other kind of face. 
It necessarily follows, tllereiore. that, failing 
gigantic changes in national ]Mactice and* 
temper, of which there is no indicaiiiin nor 
likelihood,- tjie yellow race must one day 
teem into Australia, in one ^^'ay or in 


another, and doubtless proceed to make 
history there on a substantial scale. 

Moreover, it is true, of course, that the 
Chinese, whose name is legion, are a superior 
people to the Japanese, of whom they arc 
the tutors. The Chinese system of ethics, 
whether intentionally or otherwise, is in- 
tensely eugenic, in that it requires a man 

to have offspring 
to worship him 
and guard his 
n a m e. , T h c 
supreme import- 
ance attached to 
the family, lo 
jiarcnts and to 
offspring, by the 
Confucian system. 
is,inthejiidgmeiil 
of some modern 
observers wlm 
hav'c firm hold ol 
the fundamentals 
of national exist- 
ence, the chill 
reason for the 
persistence of the 
Chinese, as for 
that of the Ji'ws. 
N\’ho have alwa\ s 
r (i c k o n e d that 
man ha})py whoso 
ipiiver is full. Jhil 
if a peoide siioli 
as the (.'hini'se, 
already the inosi 
numerous in tin 
world, capable ol 
extreme physical 
endurance, soboi, 
non - alcoholic 
thus avoiding the 
chief active agent 
of racial decay 
incredibly in- 
dustrious, content 
with and able i'> 
maintain life upon 
the sim])lcst, cheapest, and most meagio 
diet, and cndoweil with brains at least as 
good as any that men have — if such a 
iJeople multiply more rapidly than tin n 
neighbours, there is only one possible issio . 
These peoj)le must become, if not tl"‘ 
masters of the world, as the Romans oin * 
were, yet at least the first among i'" 
masters. 

A conclusion like this is intensely repn i- 
nant to the instincts of probably ninety-nim' 
non-Mongolian readers out of a hundno. 
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Japan lu-i ni>piirtnnity. lint ili:iini.‘il ihc nation of threat niiniliL-r.s of men. 
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rhat, however, does not make it incredible, 
and is totally beside the mark of science, 
which is concerned with no one’s likes or 
dislikes, except in so far as these arc tliem- 
M'lves facts for its record and iiitcrj^retation. 
The conclusion now before us follows irre- 
sistibly from the ])remiscs. The ]:)remises 
may not be sound, or may not remain sound. 

1 he present po])ulation of Australasia may 
-laid to work more than an hour or two in the 
(!a\', or a day or two in the week. Tlu*, 
leaders of that most significant democracy 
may change their \'iews, or it may (‘veii 
^mne day produce a Man. 1'he biidli-rate 
may rise rajiid- 
1\', wliilc the 
admirable care 
of infants -tlu^ 
infant mortality 
ill New Zealand 
is the lowest in 
the Kmpire — 
may jiersist. 

W hite iminigra- 
lion, not less of 
uirls than of 
hoys, may be 
henceforth cn- 
ee imaged as 
never before. 
i>iit tht'se things 
are immensely 
im])ro bable. 

They could flow 
only from moral 
forces of high 
intensity, such 
as are not (easily 
^(‘iKTated, and 
which nothing 
id this hour 
heralds. 
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Yet we cannot eiiincsc Cliiltlren l«-aniiiii; uiulfi \V«-stL*ni mrul.mn*. A in 

.. r • , CaiUuii for yirls or^^aiii'io-J liy I hrislian iiii'i-ioii- 

lefrain here ^ 

horn expressing the earnest hope that 
Australia will at least encourage, by every 
means in its power, and on a scale hitherto 
miiniagincd, the immigration of its cousins, 
imd,* above all, of lu'althy young women, 
who arc at all times the chief hope, and 
•'hould at all times be the chief concern, of 
iniy nation. 

The extraordinary welter of races in the 
I iiited States, and the singular disprojnir- 
tioii between the birth-rates of its various 
^'niistituents, cannot now be consid(‘r(‘d, 
though at present it appears unlikely that 
^o^th America will always be an Anglo- 
^i‘xon continent, and though we remember 
tdiat invaders the western border of the 


continent now fears. But the case of South 
Africa must be referred to more especially, 
since this coni|detes the tale of the conti- 
nents in our brief survey. The myth called 
military conquest, when it is not backed by 
the ])ressurc of population, is scarcely better 
illustrated by the ])resent state of France, 
which all but coiKpiered” Europe a century 
ago, than by the present and imminent 
state of South Africa The Hritisli have 
lately conquered South Africa, and imposed 
thems(*lves u])on it ; but there is only one 
lasting way of compiering any country, and 
that is with women as well as men, and 

^ with babies 

■ thereafter. In 
] South Africa 
I now the Briton 
I is to be found, 
J usually doing 
'1 well for himself 
as an indiv- 
idual. Hecoines 
and he goes, 
as his regiiiKmts 
caiiK' aiulwcmt. 
He may make 
t h c m o s t 
money, he ma^^ 
be mainly 
respo n si ble, 
even, for ma- 
terial ])rogress 
and prosperity 
on those visible 
surfaces which 
sight can see 
but which in- 
si g h t sees 
through. His 
imposing man- 
YoeN(i CHINA sions do not 

ilay-M ar impose. 11 p O U 

the hhigenist, 
who sees through their walls to em])ty 
imrserii's. The (piestion for the future of 
th(» vSoiith African nation, which must 
nec(*ssarily be one of the great . nations of 
the futun*, is the proj)orti()n between the 
British, Dutch, and native birth-rates. The 
Dutchman lives and multiplies there ,* and, 
unless tlu^ British multiidy, too, the future 
belongs st*curely to tin; Dutch, the Boer War, 
or a hundred such wars, qotwithstanding. 

But, lest we be accused of lacking a sc'iise 
of proj)ortion, let it be said that the origin 
and the density and the distribution of 
populations are not everything, even 
though we believe them to be fundamental. 
There is the social heritage, no less than the 
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j^liysical, tlu- lii‘nla;:;o of liltaaturo and 
tradition, and (iistoin and s})iril, which 
man alone jxjsst sscs, aivd whicli suffices to 
make his lile unique. I'here is v(*ry little 
(ireek bh^od in modt'rn hhirope, and it may 
be tliat evt'ii inueh of wlial there is has 
(k'^enerated. Hut it has been saiil, no doubt 
in j>icf ures(|iu‘ and lliercdort.* excusable 
exaf«:geration, that not bin, i; moves in tlie 
modi*rii world which is not (ireek in orif^in, 
nothing which was not born and set gt)iiig 
in till', little city-state called Athens. No 
less truly may it be said that tlu* greater 
})art of modern hist my, and the greater 
part of the mmal and religious forces 
which have madi' and still make it, are 
Syrian in origin, derived from a small 
and despised race, whence came die ( hris- 
tian Church. 

If such arguments be sound, if words 
spoken in tile market-place or on the Mount 


two thousand years ago do now move and 
mould modern men and womi'u, detir- 
miiiing their deeds, and theri'fore their 
destiny and the world's, it follows that the 
])opulation question and ])hysical j)ari'nl- 
hood, transcendent though’ its nliimat*- 
importance must be, are not all. Then* i" 
spiritual creation and transmission also 
of things which, being not seen, may hf 
eternal. A Socrates may leave no cliil- 
ilren, nor a (ialton nor a Lister ; and a 
Shakesjieare’s may be negligibli*. lint then 
are iileas and iileals, for which men oJ 
nations stand, which are imperishable whil' 
man is man at all. England may some da\ 
be the home of seaweed and deep-sea lishe.'. 
while argosies of other peo])les sail over In ' 
watery tomb, but her Kelvin’s compa-- 
will gmide them, her Shakespeare thril'. 
her Lister heal, her Newton teach, and liri 
Nightingale insjnre. 
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THE ETERNAL MILLS OF GOD 

The Mighty Energy that Drives the World- Machine, 
and the Fear that the World will Run Down 


THE UNIVERSE THAT 

'piiK universe is often looked upon as a 
1 maiiiine, a great piece of construction 
V. hicli was made in order to “ go/' and goes 
iK'cordingly. There is no doubt, indexed, 
that the universe is a machine, though it is 
[ilso immeasurably more ; and evidently 

I lie machine goes, for we see its motion and 
[K tion on every hand. Tndeed, they are 
ilisplayed in tlie hand that writes these 
words, and the rotation of the e3a‘balls 
which scan them. 

The mac hine has thererore some kind of 
power or motive force witnin it; and we 
in‘ naturally impellcRl to ask whether 
this })ower was put into it, in the beginning, 
ind whether it is now, however slowly, in 
proce.ss of running down. This idea cor- 
responds to one of the oldest and com- 
nonest notions in the world ; and we shall 
ind that it took a kind of scientilic form, 

II the nineteenth century, as the doctrines 
)l the “ dissipation of energy,” which was 
ntroduced b\" J.ord Kelvin, and which onl^^ 
'*ithin the last few years — since his death, 
IK Iced has begun to lose its authorit^L 
Kelvin thought that the universe must run 
Inwn and c'ome to a dead level of heat and 
lower, so that neither motion nor activity 
lor change could be found in it again. 
It would Ix' a dead universes, which had run 

allotted span of life, and was now no 
More than a cold and changeless corpse. 

riiis view of things involves an end to 
he universe when its power has given 
Hit ; and a beginning — when its power was 
HU into it. Indeed, it is simply the modern, 

M piThaps now we should say the nineteenth 
eiitur\/, version of an older idea which 
/iiiylc had described with magnificent 
’^ "111. This is the idea of the universe as a 
h'ek, made and wound once upon a time by 
ho Almighty Clockmaker, who now rests 
His labour, and, from faraway, watches 
ho (IcTck go, until at last it has exhausted 
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the power originally put into it, and the 
end of all things is come. C'aiiyle, we 
remember, declart's liis preference for the 
idea of the universe not as a dead machine, 
with its maker outside it, but as a living trc*e, 
nourished from age to age with the forces 
of life and action, ever repliMiished from 
the inexhaustible stoivs of Deity. It 
should tnddcMitly be worth our while to 
study the details of motion and of force, 
which will enable us to determine which of 
these two ideas more nearly ex])resses the 
truth. Hut it will be strange if the verdict 
of the astronomer, and tlu‘ physicist, and 
the chemist does not favour tlie view which 
commends itself to philosophy the view 
that the universe, in so far as it is a machine* 
a( all, is a Perpetual Motion machine, whose 
power to go is the very essence of itself, 
which never needed winding uj), and will 
nevi‘r run down. 

In this gr(‘at iiupiiry, which matters so 
much not e)nly for science but also for 
philosophy and religion, the idi*a of (*nergy 
is our guirle ; and lu re we owe a great debt 
to the scientilic work of Ki'lvin, however 
little w'e may value the strange theory 
which he caused the scientilic world to 
acc(‘pt for the better part of lialf a century. 

Tlu^ iirst universal fact about energy is 
its incessant transformation. The whoh; 
of the activities of the universe, its changes 
of form and motion, the production of 
light by a star t)r a candU*. or a glow-worm, 
or an electric current in a wire -all these 
di^pend upon the transformation of energy. 
All forms of energy are forms of one and 
the same thing, and they can be trans- 
formed into one another light into heat, 
heat into motion, motion into light, 
chemical energy into motion, as wlu'ii a 
bullet is tired — and so forth. In this 
process the form of the energy is changed, 
but its substance remains. 


THIS GROUP EMBRACES THE SCIENCE OF ASTRONOMY OLD AND NEW 
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On inquiry, we find not only that it is 
really one thing which is capable of so many 
transformations, but also that it remains 
constant in quantity, however much it be 
changed. The householder expects so 
much electric light to be derived from so 
many units of electrical energy ; and if liis 
lamps have been burning for a certain 
number of hours each quarter, he expecU 
the bill to be for the same amount. 

How the Motor-Car Turns the Energy of a 
Gallon of Petrol into 20 Miles of Motion 

So much electrical energy yields so much 
light energy. It is true that the energy 
the houscliolder pays for is partly turned 
into heat, which he does not want, and 
partly into light, which he does want ; and 
that he gets thus different results with 
different types of lamps. But the law of 
the equivalence of energy is observed 
nevertheless; and the only difference is that 
the more economical lamp turns a higher 
percentage of the electrical energy into 
light energy, and a smaller percentage into 
heat energy. 

Again, the motorist gets his pleasure by 
turning the chemical energy of petrol into 
the energy of motion of his motor-car. 
Though he may know nothing of the law 
of the conservation of energy, which we 
are about to consider, he docs at least 
know that if his petrol has run out his 
car will not run on. No petrol, no motion. 
And he also knows something of the law of 
the equivalence of energy, for he reckons that 
one gallon of petrol is ecpiivaleiit to, say, 
twenty miles of motion, or ten miles of 
moticni if the car’s weight be doubled. If 
this equivalence be*, not observed he knows 
that something is wrong, and e.xamines the 
engine, adjusts the bearings of the wheels, 
re-intlates his tyres, or what not. In so 
doing he is a man of science, recognising 
and assuming the truth of the law of the 
equivalence of energy. 

The Potential Energy Waiting to Spring and 
the Kinetic Energy that we Can See 

Every act and fact of the world’s doings 
is an illustration of this universal law ; and 
we should look round for ourselves until 
we realise how universal it is. Particularly 
must we observe that this transformation 
and equivalence of energy is true in any 
direction. Heat, as in a steam engine, will 
produce motion, but we have only to rub 
our hands quickly and firmly on a carpet 
to realise that motion can be turned into 
heat ; or to look at the shooting stars th^t 
flash through the atmosphere, and con- 
sider that these are dark bodies, flying 
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through space, which suddenly encountci 
the resistance of our air, and lose much t»! 
their motion, which is transformed into tli< 
heat and light that we sec them by. 

In all these transformations we can 
recognise two great types of energy, whic h 
are to be observed — as all these laws max 
be observed — equally in the stars or in tlir 
behaviour of our own bodies, or in tin* 
growth of a seed. Energy may either lx* 
latent, waiting to spring, coiled up, but not 
let go, in which case we call it potential 
energy ; or it may be actual, active, visibU*. 
moving, in which case we call it energy ni 
motion, or kinetic energy — from the (jreck 
word for motion. 

Having got so far, men made a great 
discovery which alone was wanting f r a 
greater discovf'ry still. They proved that 
heat is “a mode of motion,” or kinetic' 
energy ; and that a given amount of heat 
is always equal to a given amount ol 
“work” -that is to say, such work as 
lifting a given weight to a given height. So 
much heat will do so much lifting, and the 
energy produced by the lifting will repro- 
duce just the same quantity of heat. 

The Potential Energy of a Five-Pound Note 
that Turns into Very Rapid Motion 

Heat, therefore, which is almost al wax's 
produced whenever energy is transformed 
— whether we want it or not — is a form 
of energy, and we cannot omit to 
reckon it in when we try to understand 
the laws of energy. The heat produced hx' 
an electric bulb or a candle may bi* a 
nuisance if we ()nly want light ; and the 
motorist is not at all pleas d at the fact tlial 
much of the energy which he has paid loi 
in his petrol turns not into the motion lu* 
wants, but into the heat which he doesn’t 
want, and which, indeed, often hanqx rs 
his engine, so that he loses his moti m. Tlu* 
man of science, however, is well pleased to 
study the production of heat in these case--, 
and to realise that the electricity, or tin* 
wax, or the petrol, mean . a store of enerex’ 
which may be turned into light, or motion, 
or heat, or any combination of these ; ainl 
that in each and every case the law ot 
equivalence is observed. Just so is it 
observed when a i)iece of paper, a che(iiic 
.or banknote— which has only potential 
energy, so to say —is turned into the eneii’.v 
of motion — only too rapid ! — of, say, ti\ f 
pieces of gold, or a hundred of silver, 
twelve hundred of “ copper,” or any com- 
bination of these, provided that they mv 
equivalent to live pounds. Just so, ab'>. 
the gold and silver and copper, or stamp^^ 



MADAME CURIE, THE MODERN ALCHEMIST 



■ ' i;liant;isy of ail artist introduces Madaine Curie, wlio, with her late husband, startled sciL-nlists all over the worlil by the disroverv 
r lOiuiii. Ihe hiiRc black block lepresenls a massof pitchblende, the material which gives out rafliiini and polonium. Kadiuni is 
ip:. Ncntcd by the larpe while patch on the left of the block, and polonium by the sitiallcr patch on the right, and each of these substances 
ott ciiianatiotis of Us own. On the right the polonium is seen giving off Alpha rays, and the radium on the left is giving off Alpha, 
ill! ‘."‘‘l’- >< 511 — shown rising up straight fr*»in the block— which changes into helium and ultimately 

taoiuin. Ihe fact that pitchblende gives off energy in this w'ay means nothing les.: than the breaking up of the atom, which was 
once considered the foundation-stone of the iinivcrs'c. 
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what not, may be gathered together again, 
and transformed into the potential energy 
of another clicqiie equivalent to that for 
which they were drawn. 

So much for the doctrines of the trans- 
formati<m and equiv'alence of energy. The 
terms may he a little unfamiliar, hut the 
facts are really simple and reasonable ; and 
we are perfectly familiar with the ])rinciplc 
of them in our daily lives whenever we buy 
anything and wait for the change, or in any 
process of exchange whatever. 

And now we come to the great discovery. 


If wc agree so far, we are indeed prepan < 
to agree with the law of the conservatim 
of energy, which simply asserts about a! 
energy, in all times and places, and throujj] 
any kind and number of transformation- 
what we believe about the form of cm‘r.e’ 
called money, in such a case as we ha\. 
supposed. The law is not completely (1< 
scribed by its name, which, indeed, applir 
to only half of it. The energy whicli makt 
and moulds and moves the universe is in 
destructible ; its quantity is never dt 
creased. Nor can any more of it be madi 



I'T-l-XTRTCAL KNKRGY IN Tllli SKIES —PHOTOGRAPH OF A FT-ASH OF T-TGIITNING 
All f«)rms I*!' eiu-r^y :iie furins of oik* :iii«l llu; s:liii<; thini;. ami ran Ik transfoi nu'i.1 into oni* anothiT — lii»lit into hr.it. heat into iii.iii" i 
nii>tioii into ln.;lit. I'liis i»lioto}>raph shows electrical enerjjy in the universe luanitestinK itself in the familiar form of li.i;htniiiq; ; s..iii' 

it turns into sound, but thunder cannot he i>hologra]>hed. 


Suppose we cash our banknoti' and then 
ilecide to turn the cash hack into a note 
again, and find that the cash is sixpence 
too little or too mueh. We know that some- 
thing is wrong. We never believe that a 
sixpence disappeared by annihilation, nor 
that a sixpence douhleil itself spontaneously. 
Kither a sixpence has slipped through a hole 
in our pocket, or a sixpence was in the 
pocket to begin with. Some such explana- 
tion there must be. We decline to believe 
either that a sixpence became nothing or 
that nothing became sixpence. 
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its quantity is never increased. That is ilu 
law of the conservation of energy, ami il' 
importance cannot be too highly rated. 

Before we really set ourselves to consiilri 
what it means, let us meet the suppo-‘ ‘l 
exception furnished within the last l^\^ 
3'ears bv’' the discovery of the unheanl-"! 
behaviour of radium. We 'must cleail\ 
realise that this is one of tlpsc scienliiK' 
laws of which the whole essence is tliit 
there can be no exceptions to it. What 
called “ laws ” in science arc of many kin b- 
and the term is indeed a bad one. 
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j„)ine arc absolute generalisations, which 
( ither apply everywhere and always, or are 
untrue and apply not at all. The law of the 
I . )nservation of energy is one of these. If 
;invonc anywhere makes something out of 
iioihing, or gets power without having spent 
jM)Wcr, which is intleed to create in the 
lull sense of the word ; or if anyone can 
.K stroy power so that it is really made into 
nothing, annihilated, then the law of the 
{ onservation of energy is untrue, and any- 
thing is possible. 'I'he rarest, smallest, 
liriefest exception must therefore be fatal ; 


Unwise commentators have therefore de- 
clared that this great law, the establishment 
of which was oik* of the most magnificent 
achieva^ments of the nineteenth century, 
has been broken and falsified by the first 
discovery of the twentieth. No one of 
really scientific and impartial mind could 
I>elieve .such lUMisense. 'flie power of 
radium must come from somewhere, or a 
miracle is before us, and all the rules of 
thinking ami arguing break down : “ chaos 
come again.” Our business in such a case 
is to jump to no conclusions, least of all an 



F-li;(:tktc.\l i:nkrgy ox thk kartu a.x i lkctric si»\rk mxo:-: by man 

I ii' pif inre f.tr iiij; iliis is .'i ii.aiirjil irlin ttir spark, which \vc call - a Hash natural «Ici'tricily set agluw in the hravens. 'I'he 

!"•' t\ivc on this paj;e shows a flash of nian-maile lisrhtniin;, hrinej a ph.>lograph of an eleclrii' spark, such as oi.i urs in a luotoi-iar. I»oth 
these photo.^rapiis show inanifestalioiis r.f the same form trf energy. 


•Hid if it be fatal to a law supposed to be 
’iniversal, this least and most local excep- 
don is of universal importance. 

We commonly expect, as this law assures 
must be the case, that we cannot get 
and light without using up energy of 
'"'Mile kind — chemical energy, electrical 
cih ^vjiat not. Radium, however, 

<li''j)Iay.s a form of action called radio-acti- 
' ity, which involves the protluction of heat 
‘^•1(1 light, among other things ; and it does 
lor any length of time, as would appear, 
hipI without any energy being supplied to it. 


unthinkable conclusion as the creation ot 
something out of nf)thing really is but to 
examine the facts. That examination, as 
we already know, revealed that radium 
derives its energy frf)m a mighty reservoir 
within its atoms ; and, indeed, if the law of 
the conservation of energy had been in need 
of further proof, the recent work on radium 
would have supplied it abundantly. 

One other point behne we discuss the 
full meaning of the law of the conservation 
of energy. It is a point which helps us to 
understand the meaning f)f the law perhaps 
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1). tier than anything else can. We have 
( . tiled the universe a “ perpetual motion 
machine.** Certainly there is no other 
|K‘rpctual motion machine, in the ordinary 
^i iise of that phrase, and now we can realise 
^^lly all the would- 
be inventors of such 
machines have failed. 

They have tried to 
grt something for 
nothing; cunningly to 
score off Nature, and 
cheat her into giving 
lliein five sovereigns 
and a sixpence lor a 
five- pound note — or 
loi nothing at all. 

They have tried to 
make a machine 
which would work 
without requiring 
power. Since work 
cannot be done but 
with power, this 
means that they have 
expected their ma- 
( hines to create power 
out of nothing. 

Siwcral scores of years 
have passed since 
the Paris Academy 
of Sciences decided 
that it would no 
longer even look at in- 
viaitors’ specifications 
lor such machines. 

riiat decision was 
taken long before the 
law of the conserva- 
tion of energy was 
established and 
proved. Those who 
liad thought about 
the subject knew, 
from the very laws of 
tlioiight, that these 
inventors and all 
future inventors of 
^uch machines must 
be deluded. We have 
only to grasp the real 
nature of the problem 
these inventors set 
tliemselves, the pro- 
blem of absolute creation out of nothing, to 
know that they cannot succeed. You might 
well try to invent a machine by which 
t^^ ice one could be made into three. The 
laws of reason, and the law of ‘the impossi- 
bilitv of creation out of nothing, forbid. 


Herbert Spencer was therefore right in 
building his whole philosophy upon this 
great law of the conservation of energy, and 
declaring that it belo ged to the few 
absolutely certain truths, which we may 
know by the test that 
their opposite cannot 
really be conceived. 
We cannot really 
conceive creation oi 
annihilation ; and 
that is the best proof 
of the law which de- 
clares that they do 
not happen. 

This brings us to 
the lieart of the 
matter. Both creation 
and destruction are 
denied by this law. 
We simply misstate 
and misuiulerstand it 
if we do not realise 
that it contains both 
these denials, and 
that they arc the two 
halves of one truth. 
The “perpetual 
motion’* inventoi 
fanci(‘S he can create 
])ovver out of nothing ; 
and he fails invaria- 
bly. Many other 
])eople suppose that 
])ower can disappear, 
not merely in the 
sense of being no 
longer visible, but in 
the sejise of being 
made into nothing; 
and their mistake is 
really the comple- 
mentary one to that 
made by the would- 
be inventor. 

We are to accept it 
as proved by all the 
evidence, and as n 
necessary law of 
rational thinking, 
that all the universe, 
devoting itself with 
all its powers to the 
majvirig of just one 
more iota of power — just so much as would 
stir the least grain of dust — would fail ; and 
also that if all the universe, except one iota 
of power, were to set upon that and seek to 
destroy it, the attempt would fail. That is 
what the conservation of energy means. 
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A POWKR WHICH RESISTS GRAVITATION 


Under ihc influence of radiation-presMire acting uj^on iisc-lf, a 
comet's tail turns away from the sun. While ihn h-^avy head of the 
comet is drawn towanls the sun, the radiiition-iiressiu'e on t he tail 
is stronger than the gravitational pull of the* sun ; and the tail of a 
cumei, bhowii in this photograph, is one of the few things in the 
universe whicii appear to resist gravitation. 
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It follows from this that at every mo- 
ment of our scientific study we must seek 
to account for all the pi)wer we witness, and 
all the forces at work. We may fail to do 
so, but we must never conclude that these 
powers did not come from somewhere, but 
rather that we must go on looking for their 
source. The powers of radium are the 
most striking and subtle case in point. 

The Power that Stipe from Our Grasp and 
Goes Out into the Universe 

And further, whenever power seems to 
disappear, with nothing to show for it, 
we must be absolutely certain, appearances . 
notwithstanding, that that power has gone 
somewhere. It may be lost to us, and too 
often, indeed, that is what has happened, 
but it is not lost to the universe. Our 
motor-engine may simply make itself hot, 
and refuse to go. We have lost the power, 
and cannot recover it, for the heat glides 
away into the air irrecoverably ; but it is 
there, nevertheless, and the universe may 
have means of making it available again 
in its own good time. 

This last illustration leads us to recon- 
sider the remarkable and awe-inspiring doc- 
trine advanced by Lord Kelvin, and called 
by him the dissipation of energy.'* Kelvin 
had made useful additions to the work of 
the great (ierman and French pioneers who 
establislied, with the aid of the Englishman 
James Prescott Joule, the law of the con- 
servation of energy. He then set himself 
to study the tendencies, as we may call 
them, of energy in the course of its trans- 
formations, and he found that it always 
tends to escape from usefulness. 

It tends to spend itself in the form of heat, 
which scatters its force on all sides, and can 
no longer be employed for purposes of work. 

The Heat that Runs to Waste in All the 
Workshops of Man 

This waste, in the form of heat, is the 
incessant problem of the engineer, and of 
those who provide for artificial lighting; 
and indeed even the eager controversialist 
is often prone to produce useless heat rather 
than the abundant light which the subject 
•requires. In general, we may say that in all 
the transformations of energy a certain 
quantity of it is apt to leak away as heat. 

The tendency of heat is to spread itself 
out, like water, until it finds its own level, 
where all things are at the same temperature. 
If -the motorist could catch all the heat into 
which even the best engine must necessarily 
transform a fraction of the energy in lijs 
petrol, then there would be no waste. But 
he cannof . The heat escapes him, and is lost. 
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If we do not grasp the great distinction be- 
tween the annihilation of heat or any other 
form of energy, and its loss or waste, we need 
only compare it to the case of money turning 
into nothing in our pockets, or dribbling 
away through a hole. The first cannot and 
does not happen ; the second may and docs 

Now, said Kelvin, this process of the 
gradual leakage, waste, and loss of the 
available energy of the universe is always 
going on. So long as one thing is hotter 
than another, power is available, and work 
can be done, as in the case of the sun, whicli 
is hotter than the earth, and provide's power 
for the earth. But in this very act, and in 
all other transformations of energy, tlu^ 
heat levels of the universe, so to say, tend 
to become the same ; and when that 
happ3ns they can no more be made to d(» 
anything than the water which has fallen 
into the pond below can drive the mill- 
wheel above it. All energy runs to heat, 
and all heat runs to one level ; and then 
what is to drive the mills of the universe ? 

Tke Hopeless Theory of a World that Must 
One Day Utterly Perish 

This is the doctrine of the dissipation 
of energy. It depicts the light and heat of 
the sun and stars, the comets and nebulL*. 
gradually becoming exhausted, sinking to 
a uniform dead level of temperature, when' 
they are not unheated, but where tinw- 
are useless— as the“ mill-wheel cannot turn 
with the water that is past.” It depicts 
the motion of suns and planets and all 
other things gradually lost, because of 
friction, which, as we have lately observed, 
tends to turn motion into lieat. .A ml 
since the motion of the heavenly bodies, 
which keeps them in their orbits, must die 
down, they will all fall together, by the 
law of gravitation, until the matter of the 
universe, all the stars, bright and dark, 
and planets, and everything else, will hi' 
gathered together into one immense bid 
impotent heap, not devoid of heat, but all 
of the same temperature, and therefore 
inactive. In a word, the clock or machine 
will have run down ; and will have pro veil 
itself to be just like man-made machines 
after all, and not a perpetual motion 
machine, as we thought the universe must be. 

Such is th,e law of the dissipation <>1 
energy,” which is still accepted by the 
majority of men of science, and was re- 
garded, until very recently, as one of the 
definite and established results of scientiiic 
inquiry. If it be true, it necessarily in- 
volves a beginning and an end ; and it 
invites us to accept the appalling idea th.it 
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this end is inevitable, a universal death 
without hope of resurrection. 

Only one illustrious thinker in the 
nineteenth century dared to refuse obeis- 
ance to this creed, but he was a thinker 
indeed. Herbert Spencer never accepted 
this theory. His objections to it were 
magnificently stated ; and men of science 
arc beginning to echo them, with ever- 
increasing emphasis, to-day. 

Herbert Spencer’s Great Faith in a Universe 
for Ever Renewing its Youth 
He showed what the law must mean, if 
it were true, and pointed to the evidence 
of the skies, where we see new suns and 
worlds ever forming, with no sign of old 
age. Or, rather, he showed that, though 
“ the sim grows cold, and the stars are 
old,” other suns grow warm, and other 
stars are born. He argued that there must 
be compensating forces at work which would 
build up and make new beginnings no 
h'ss real and active than those which seem 
to be running down. We all know, not- 
withstanding the decay of autumn and 
the ” dead of winter,” that life is not dead, 
but is active under the soil, and that spring 
will return. In some such way, according 
to Spencer and the few who have always 
thought with him, there must be forces 
at work in the universe, even though they 
he too deep for our eyes, which have 
j)roniisc of rejuvenesence in them, forces 
through which ” the most ancient heavens 
are fresh and strong.” 

The advance of scientific knowledge in 
our century, and evcui since Spencer’s and 
Kelvin’s death, has gone far to weaken the 
general belief among men of science that the 
law of the dissipation of energy is true, and 
that the universe is thus no more than a 
clock which is running down. 

A Great Fact that was Ignored in the Old 
Pictures of the Universe 
Mathematics is a noble science, but its 
Conclusions, when applied to questions as 
these, depend upon the completeness of the 
evidence it discusses. Continually the con- 
fident assertions of mathematicians arc 
falsified in consequence — as, for instance, 
Cord Kelvin’s assertion that there was 
nothing to be expected of toys like flying- 
machines. In the great case under dis- 
eiission there need be quoted only two 
universal factors, one of which was un- 
proved until four or five years ago, while 
the other was never dreamt of. 

Though universal gravitation always tends 
to draw things together^ there is a form 
of energy, called radiation-pressure, which 


tends to drive them apart. In certain 
conditions, this force is greater than tliat; 
of gravitation, so tliat by it bodies would 
be scattered, though gravitation was all 
the while tending to bring them together. 
Here, evidently, is a fact which was ignored 
in last century’s pictures of a universe all 
huddled in one dead heap. 

Again, radio-activity was unimagined 
until a few years ago. The forces within 
atoms, far greater than all tlic forces out- 
side them, were unknown. The history 
of atoms, their building up and breaking 
down, and the consequences of these pro- 
cesses, were not only imtliought of, but the 
suggestion of such possibilities would have 
been scouted as ignorant and absurd. But 
no one who has ever glanced at this sub- 
ject, and the ])ossil)ilities which it opens 
up, could possibly permit himself to accept 
the theory of the dissipation of energy as 
he might have done only a decade ago. 
It may yet be shown that the dissipated 
heat which results from so much of the 
transformations of energy, and is lost to our 
use, and appears henceforth unavailable, 
may ])lay its part in the upbuilding of atoms, 
and so, in due course, become available 
again, as in the atoms of radium and many 
other elements. This is only one of the 
possibilities that present themselves to 
our minds in this remarkable and un])rc- 
cedented era of scientific revelations ; 
and the future will pronounce upon them. 

The Everlasting Universe Without Begin- 
ning and Without End 

If we may dare to anticipate the verdict, 
it will be that science has no word of 
any beginning to things, ru)r of any end ; 
that the universe is indeed a perpetual 
motion machine, or like a mighty tree which 
has the secret of the elixir of life ; that its 
processes arc balanced and just, ” action and 
reaction, equal and oi)posite,” as Newton 
said; that it is indestructible, as a whole 
and in the minutest part ; and that, being 
perfect, it is incapable of addition to its sub- 
stance. It is thus, in the full sense of the 
word, eternal, without beginning or end. 
It was not created out of nothing, nor 
will it return to nothing, cither in sub- 
stance or in activity ; but it is being 
created and re-created everywhere, and 
always. This is what , we nowadays call 
Universal Evolution — the greatest idea of 
the nineteenth century, and one which, 
so far from suffering injury in recent years, 
as many nineteenth century ideas have 
suffered, is to-day more certain, more com- 
plete, more momentous than ever before. 
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ALIVE IN THE DAYS BEFORE MAN 



^ A^COLONY OF QUAINT LITTLE TRILOBITES PHOTOGRAPHED ON A PIECE OF BLACK ROCK 
Among llie oldest remains on the earth is the trilobite, a curious little creature which, as far as we knou . 
was the first king of the animal world, 'fhe trilobite, with a very complete and complex structure, h:ii! 
the power of rolling up closely so that its soft botly was covered with hard shell. This striking photu 
graph shows a colony of the.se marine creatures, unearthed on a slab of black rock where they perislu 1 
millions of years ago, in company with a number of crabs, some of which appear white in the pictuo . 
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EARTH’S AUTOBIOGRAPHY 

The Rocks which are as Enthralling as a 
Novel if we Know how to Read Them 

LIFK-STORIES 3EALED UP IN PAST AGES 


S KDIMK NTARY rocks ai'o pliistcTCfl ovor the 
surface of the globe, making altogether 
,i layer fourteen miles thick. Fourteen mih^s 
of rock arc not laid down and raised up in 
a day, and pr()I)al)ly n'cjiiired at least ()0 
million years for their making. The question 
arises: Can we divide this immense* coating 
of rock into layers according to their time 
of dejjosit ? 

Naturally and necessarily, the lower 
strata must, on the avc'rage*, he the ohkn*, 
and the iq^per strata must In* the new(*r, 
hut we must not assume, sim])ly because* a 
stratum is on the to]), that it has been 
recently de])osited. It may have been 
intruded through new(*r rock by volcanic 
forces, or many lUAve'r strata may have 
l)e*en worn off it. Nor can we e*stinuit(i the 
age of a stratum from its mineral characte^r. 
'I'lie de|X)sition and c'levation of strata has 
never taken place simultaneously all over 
the globe : there n(*ver was a universal 
deluge ; and Amc‘rica may have been down 
when Euro])e was \\\). Further, ev(*u if 
sedimentation had taken place simul- 
tan(*ously in difft'reiit seas, and had been 
simultaneously raised as land, it might 
xet show very dit'iereiit mineral characti*rs. 

No doubt the minerals of the original 
surface of the globe were varii*gated, and, 
ac cordingly, even the same sh(*et of sediment 
may vary in character in different parts of 
its area. We may find strata six layers deep 
here, and six layers deep there, resembling 
one another in their mineral characters, 
and yet they may be of quite different ages. 
^^'e may find strata six layers deep here, 
and six layers ch*e]) there, differing from 
‘ ach other in mineral characters, and yet 
they may have been laid down in identical 
uras. 

Neither from likeness in mineral character 
Jp>r from likeness in serial position can wc 
assume that rocks are of the same age ; 


and neither from unlikeness in mineral 
character, nor unlikeness in serial position, 
can we assume that they arc of difh*rent 
ages. 

Again, how are we to divide stratified 
rocks into consecutive layers, each chmoting 
a separate period (^f d(‘position ? We find 
stratifietl rock of a certain dej)th. but how 
an^ we to say wh(‘ther it were all laid down 
at one time*, or wht‘th(‘r it be the product 
of several diff(‘rent eras ? If one stratum 
be laid on a ])uck(‘red stratum whose ])uckers 
show i‘\'id(‘nce of w(‘ar and t(*ar, we are 
safe to say that an interval elapsed between 
the d(‘j)ositing of the fornuT and the dc- 
])ositing of the latter; but in many cases, 
no doubt, strata belonging to difh'rent eras 
lie continuously and without disturbance 
upon one another, exhibiting ])erfect confor- 
mahilily -the* techni('al term -and show no 
division mark to di'iiote their S(*j)aration in 
tiiiK*. I'lie difficulty of sej^arating and ar- 
ranging strata is gn*atly incn‘asiMl by the 
fact that only here and tlu'ie can we see 
their edg(*s, and that, as a rule, only a few 
edges are visible. Fvi*n in the Himalayas, 
and in th(^ (irand Ccinyon of Colorado, where 
gr(*at numbers of strata are thrown oj)en to 
view, we have l>y no means a comi)lete 
series. As somebody has said: “We are 
veiy much in the position of j)ersons called 
uj)on to (h'seribe the cloth in a warehouse 
in which they are allowed to finger only 
the edges of a few bales.'" 

How, then, are wc to draw lines and fix 
dates ? The problem was solved more than a 
hundred years ago by William Smith, often 
called '• the Father of English Geology,’ 
a surveyor and canal engineer. In the 
last years of the eighteenth century many 
canals were constructed, and in his 
work of canal making and canal surveying 
William Smith had many opj)ortunitics 
of studying cuttings. In 1794 he was 


embracing geology- physiography- chemistry- physics-meteorology 
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appointed incinber of a commission to 
investigate the English canals, and in the 
course of his investigations he travelled 
more than 900 miles through the country. 
As a result of his studies, he formulated the 
principle that strata must be placed in space 
and time according to the fossils they contain. 

I'ossils are organic remains of plants and 
animals, preserved in rock, or imprints of 
organic bodies in rocks. Fossils may be of 
all kinds and siiScs. The mammoth preserved 
in the ice, with hair and flesh still adhering 
to its skeleton, the track of a worm marked 
on sandstone or shale, the sharks’ teeth 
in the deep-sea oo^e, are all fossils. 

The Signs of Life that are Preserired in 
(he Ocean Beds 

In the soil and on the surface of the earth 
most organic substances decay, and leave 
almost no residue, but in the bottoms of 
lakes, in bogs, in rivers, in mineral springs, 
and in the sea they may be protected in 
various ways from destructive agencies, and 
retain their shape, at least, for tremendous 
periods of time. The sea-floor, and particu- 
larly the sea-floor near the shore, is especially 
likely to preserve organic remains in its 
constantly accumulating sediment ; and it 
will preserve, of course, not only organic 
remains native to the sea, but also organic 
remains proper to the land that have been 
brought down by the rivers. Accordingly, 
since the sedimentary deposits were j)robai)ly 
laid down on the sea-floor within a hundred 
miles of shore, it is not surprising that they 
contain numerems fossils. 

When we examine tlie fossils thus ])rc- 
served in strata, we find that lower and 
higher layers contain different fossils, and 
that they are graded in a regular order as we 
ascend. We find that all over the world 
fossils occur in this regular order, and that 
it is possible to divide strata accordingly, 
placing any seilimentary rock in its proper 
position il we know what characteristic 
fossils it contains. It is the fossil in the 
rock, more than the mineralogy of the rock, 
that tells its true position in time and space. 

The Four Great Geological Eras in which 
the Fossils are Grouped 

Professor W. J. Sollas puts the matter pic- 
turesquely in this way : “ A geologist cro.ssing 
to America ^md visiting the Falls of Niagara 
may pick up fragments of limestone which 
will at once strike him as remarkably 
similar to certain rocks he is familiar. with 
at home ; his thoughts will naturally revert 
to Dudley or Wenlock, classic localities fof 
Silurian limestone, and he will have little 
hesitation in asserting that the Niagara 
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limestone has a very Silurian aspect. Bii 
when he looks more closely into it, and dis 
covers the fossils it contains, the Dudley 
‘ butterfly,' or the Dudley ‘ locust,’ o: 
the familiar chain-coral, then any doub 
he may have entertained will disappear 
and he w'ill exclaim: ‘This is not mcreh 
like -this is Silurian limestone.* ” 

From a consideration of the differences ii 
the fo.ssil contents of sedimentary rocks 
the stratified formations of the earth’s crust 
constituting the geological record, hava 
been classified in the following five mail 
divisions with their various sub-divisions. 


ICra 


Fossils 


ARCU.liAN OR AZOIC 
PRIMARY OR PAC.POZOIC 

Catubriati 

Silurian 

Devonian 

Carboniferous 
Fermian 

SECONDARY OR MESOZOIC 

'I'riassic 

J urassic 

Cretaceous 

TERTIARY OR CAINOZOIC 

Eocene 

Olij^ocene 

Mioc(*ne 

Pliocene 

QUATERNARY OR NEOZOIC 

lUeistocene 

l*resent 


Invertebrate- 
Invertebrate 
Tnvertebrat e.- 
i‘'isli 

Amphibia 

Jieptilcs 


Mammals 


. . Java Man 
I M an 


Under the sedimentary rocks we find 
igneous crystalline rocks, known as tlie 
Archaian formation, which might be sup- 
posed to be part of the original crust of tho 
molten world, but this is probably not so. 
All the Archaean rocks we know are almost 
certainly volcanic in origin, and liavi* 
probably either burst through the original 
crust or flowed out through a fissure in it. 

Before the Cambrian period there was a 
tremendous outflow of melted rock, covering 
all the area of the Lake Superior basin, and 
building up a series of volcanic rocks 
20,000 feet thick. In the Mesozoic perind 
there were outflows that covered tin* 
Dcccan in India to a depth of 4000 or 6000 
feet. Tn Tertiary times 200,000 square 
miles in Idaho, Oregon, and Washington 
were covered to a depth in some places ol 
^000 feet. 

In such a way, and by more localised 
volcanic action such as wc see in modern 
volcanic explosions, the Archaean rocks 
were made ; and wc have no knowledge 
whatsoever of the real original crust of the 
earth beneath its load of cinders and mud- 

In the Arch^an rocks no fossils arc 



HOW THE EARTH RECORDS ITS STORY 



THE TRACK OK A GLACIER THAT CREI'T OVER ENGLAND IN THE ICE AGE 


^lany c liaptors in the history of the past are clearly recorded in the rocks. We know from the huRC 
'>'>iilders wedded in the liarlon Cliffs that a river must have flowed alonjc the bed now hij^h above the 
l‘t‘ach ; and we know from the markinjjs on the rock at A chnashellach, Ross, shown in tlie bt)ttom picture, 
^•lat a glacier must once have crc^>t over this part of Britain, perhaps about half a million years ago. 

397 


HARMSWORTH POPULAR SCIENCE 


found, but there can be little or no doubt 
that during the Arcluean period low forms 
of life did exist. We do not know how life 
began, or when it began, but it certainly 
began ages before the Cambrian period, for 
the animals found in the Cambrian deposits 
represent quite an advanced stage of 
animal evolution. 

The Primary era is the era of Mollusca, 
Ciustacea, and some strange fishes, and 
amphibians ; the .Secondary era is the era 
of reptiles ; and the Tertiary and Quater- 
nary eras arc the eras of mammals. 

Where the Oldest of All the Fossils in the 
Earth are Found 

In the vast sedimentary deposits below 
the Cambrian rocks no fossils have been 
found, but there can be little or no doubt, 
nevertheless, that in the pc'riods n'prescnted 
by these deposits tlierc must have been 
multitudes of invertebrate animals in the 
world, for, as we have already mentioned, 
the animals found in the Cambrian d(^posits 
represent quite a forward stage of evolution. 

Let us how take a general survey of the 
four great geological periods. 

TiiK MKST I’ERioi). Ill the Cambrian 
rocks of this Primary or Pah'eozoic formation 
period the oldest known fossils are found. 
These consist chielly of shell-bearing molluscs 
and of highly organised creatures such as 
water-fleas and trilobitos, but there are also 
to be found a few sponges, worms, and 
water-plants. Trilobites are perhaps tlu* most 
characteristic fossil of the priinary strata. 
They are a kind of blend between a king- 
crab and a wood-louse, and have a thn'e- 
lobed appearance from which they take 
their nanu’ and several ])airs of slender legs. 
Some are blind, and sonu' have huge eyes. 
Some are almost microscopic, and some are 
almost two leet long. 

The First Record we can Find of a Special 
Organ of Vision 

One of tile common features of all 
trilobites is the ])ossession of a head- 
shield which, e.\c<*j)t in some blind genera, 
bears a pair of large compound eyes. In 
some the eye is more or less conical, and 
in others it is crescent. Several types of 
eyes of very complicated structure have 
been recognised. In some the eyes have 
fourteen lenses only, while others have as 
mtin}' as fifteen thousand. The eye of the 
trjlobite is the first record we possess of 
the presence of a special organ for the 
perception of light, and we see what ^a 
wonderful and complex organism it is. 
How long life must have been in building 
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up this structure we do not know ; hu\ 
it is wonderful to think of the marvellous 
processes of evolution that' must have been 
going on far beyond the first appcarancr 
of the trilobites, which arc among the first 
living things of which we have any record. 

The greatest extent and depth of Cam 
brian rocks is found in Wales, and the deposit 
which made this rock was no doubt drained 
into the sea from a land to the west. 

In the Silurian period w'c find great 
numbers of mollu.scs and crustaceans, also 
sponges, starfish, sea-urchins, and foramin 
ifttra. Hcr(‘, for the first time, fishes ap])ear 
— strange fishes with no bony skeleton, with 
no low'er jaw, and covered with a kind ot 
plate armour. Fossil ferns and lycopods also 
are found, and a scorpion with a poison 
gland and sting ; also a true insect win^. 
The fact that the scor])ion has a sting proxes 
that there must have been other land 
animals to sting. 

The Devonian and Carboniferous strat.i 
are characterised by luxuriant land vegida- 
tion, and a large number of insects and 
Crustacea. In the ('arboniferous era most ol 
tlu' great coalfields were formed; and it is 
])robable tliat at this time there was an 
excess of carbon dioxide in the atmosphere 
which increased the tenuperature and 
fav^ourc'd vegc'tation, so that fcTiis, horst'- 
tails, and club-mosses grew to a great si/.(‘. 

The Grotesque and Monstrous Things Found 
in the Secondary Rocks 

. Among the inst'cts in the tropical jungh s 
W(Te ancient forms of spiders, millipefle>, 
centipedes, mavllies, cockroaches, crickets, 
beetles, moths, and butterflies. Scorpions 
of gigantic size alst) abounded. In the seas 
and lakes were many fishes. But the niosi 
interesting animal fossils of this period an- 
strange amphibians rather like lizards or 
.salamanders, with long tails and weak linihs. 
Some of these an', only a few' inches long, 
others are seven or eight feet in length. 

In this period, also, in the Permian strata, 
the first reptile is found — the Proterosauru^. 

THE SECOND PERIOD. The rocks of 
the Secondary or Mesozoic period contain 
the records of Nature’s experiments in rcj'- 
tilcs. No other strata contain such grotesque 
and monstrous forms. Here w'c find the 
iguanodon, a lizard-like animal about thiitv 
feet long, that walked on its hind legs, and 
had a powerful muscular tail like a kangaro". 
Its teeth and bones, it is interesting to not' . 
Avere first found in Sussex, but no less than 
twenty-nine ignanodons were found in i 
colliery in Belgium. Here came the plat'd 






Tllli KKAL RULJiKS OF TIIF VVATFRS 


IN TIIK KAKLY DAYS OF THIC WORLD 


, nu* of the strantie r reatiin-s tliat livt-il in the sea nii1lii>ns of years a ”0 reached a len.ntli of feet or'niore, and had, like snakes, rows 
I fui'inidahle leclh in the roof of tlieir mouth, used as weapons f«ir sei/iii.ii their prey. 'I'he saiirians riiul sea-serpents, says Professor 
Oeikic, were the real rulers of the Ainerii-an waters in the Cretaceous A};e. 


i/.ard, or Stegosaurus, the amazing Bronto- 
aiirus, fifty-five feet long, and st^venteen 
(‘et high, and twenty tons in weight, 
vitli the smallest head in proportion to its 
)()(ly of any animal knt>wn. Hero came 
)ij)iodocus, eighty feet long, with an 
iiormous neck and an ecpially enormous 
dil. In tlic Cretaceous rocks of Western 
North America reptiles are particularly’ 
hitndant. 

According to Professor Geiki(‘^ the real 
ulers of tlie American ('rctaceous waters 
reiv the pythonomorphic saiirians and sea- 
t rpents. “ Some of them,” Dr. (ieikie says, 
attained a length of seventy-live feet or 
lore. They j^ossessed a remarkable elon- 
alion of form, particularly iu the tail ; their 
• ads were largo, flat, aiul conic, with eyes 
irected ])artly upwards. Tlu;v swam by 
leans of two ])airs of paddles, like the llip- 


])ers of the whali\ and the eel-like strokes of 
their llatteuetl tail. Liki‘ snakes, they had 
four rows of formidable teeth on the roof of 
the moutli, which siTved as weapons for 
seizing their prey. l‘3iit the most remarkable 
feature in tliisi? creatures was the unicjiie 
arrangement fc>r permitting th(*m to swallow 
their prev entire, in the manner of snakes, 
luich half of tlui lower jaw was articulated 
at a point nearly midway between the car 
and the chin, so as greatly to widen the 
space belwi'cn the jaws, and tlu' throat 
must, conse([iiently, have heiMi loose and 
baggy like a pelican’s.” 

Ecjually monstrous were the turtles, some 
of which measured mon' than live yards 
between thi^ tips of their fli|)pers. 

And even more monstrous were the bird* 
lizards, or jiterodactyls- -lizards that flew 
about like hats, and in some instances 









IOKALISED picture of the early DAYS OF THE WORLD, WHEN THE FOS.SILS WE FIND IN THE 
ROCKS WERE SWIMMING IN THE SEA 
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jtioasiircd twenty feet between the tips of 
tlK’ir wings. It must liave been a strange, 
wvird world then ! 

Hut not all the fossils of the Mesozoic 
f. )i ination were records of monstrosities, for 
ill this era appeared the first true birds and 
the first true mammals. The oldest bird 


the Mesozoic formation are the ammoniter- 
and belemnites- shells of certain inolluscs. 
In tlu" l^ritish Lias rocks alone then' are 
some hundreds of s[)ecies. Spongers also 
swarmed on the floors of the C retaceous seas, 
and the flints found in linu'stone are pro- 
tlacts of these. Among other i usects, dragon- 





UM: liYK OF A TRIL013ITK GRKATLY MAGNIFIKD —A MARVliT. OF LIFIC FOUND IN TIIJC ROCKS 

N tiling iliai wi; fiiiil in the rocks, telling us dimly the story »»f life, is more womletTul than the eye ofa (rilohite, «)iie ()f the eai liest cre:ile«l 
still preserved iti the earth. Tills eye is the first record we possess ofa special ors^an for the percejition of litjht, and we see what 
‘‘‘ ■ inplex oi^anisiii it is. Ifow loiij' life must have heeii in huililinj; up this sinu ture we «lc) ii«jl know; it is uoiiderful to think of 
'll'- marvellous processes of evolution that must have been going on far beyond the fust appearance of the first living thing we km)\\. 

I'^nown, the Archaeopteryx, was rather flies, mayflies, cockroaches, beetles, aiul 
Miialler than a crow ; it had a long, lizard- butterflies are found. The vegetation in tlu 

like tail; its wings had free claws, and its Mesozoic i^eriod was luxuriant. Ferns, cliih- 

i‘i'vs had teeth. The first mammals were mosses, horsetail reeds, cycads aboinided. 

and belonged to the same types as besides oak, willow, fig, walnut, plane, laurel, 

die kangaroos and opossums, and moles beech, mapl(% magnolia, arul other trees, 

shrews, and duck-billed platypus. the thikd pekiod. In this |)erioc] 
rhaps the most characteristic fossils of there were tremendous ui)hcavals of the 
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sea, and most of the great modern moun- 
tain-chains were made. Not only were 
Cretaceous deposits raised into low lands, 
but “ from the Pyrenees to Japan the bed of 
the early Tertiary sea was upheaved into 
a succession of giant mountains, some 
portions of that seashore now standing at 
a height of at least 16,500 feet above the 
sea.” 

Almost all the big weird reptiles have died 
out; and it is now an age of big mam- 
mals. Not only have the monstrous reptiles 
died out, but all animals, large and small, 
have changed, and have come much 
more to resemble the animals of modern 
times. Still, however, monsters that have 
not survived to present days continue to be 
produced. Among these were mastodons, 
mammoths, sabre-toothed tigers, and tor- 
toises six jfeet long. In the Miocene de- 
posits apes are found. 

The vegetation of this formation is 
tropical or sub-tropical. 

THE FOURTH PERIOD. The Pleistocene 
period of the Quaternary or Neozoic for- 
mation is also known as the “ Ice Age,” 
since at this time the whole of the wall 
of Europe was covered with ice. 

When England was Lost under Ice nearly a 
Mile Thick 

The ice-sheet reached almost as far as 
London, and as far as Lyons in France. 
From the Alps and the Pyrenees colossal 
glaciers descended. Canada and the United 
States, down to the jijth parallel of latitude, 
were likewise under ice. In luirope alone 
nearly 800,000 square miles were out of 
sight. Nor was the coating merely thin. 
In Scandinavia the ice was 6000 or 7000 
feet thick, and in England 4000 or 5000 
feet thick. Glaciers were everywhere, and 
the main masses of ice themselves moved 
in glacier fashion, grinding and scratching as 
they went. The soils wore pushed away, the 
rocks abraded and eroded, and the valleys 
deepened and widened. During the glacial 
period various land areas subsided under the 
sea and were again elevated. 

When the ice was at its height no doubt 
all the northern vegetation was killed, and 
all the animals of the northern hemisphere 
migrated south. Reindeer wandered about 
Switzerland, and the arctic foxes found a 
congenial* climate in the Pyrenees. 

As the climate became l(?ss severe, 
elephants, mammoths, hippopotamuses, 
Vi^oolly rhinoceros, lions, bears, boars, and 
bisons appeared in Europe, but their reign 
was short. In caves in the Dordogne,* in 
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France, and elsewhere, bones strewn on tLo 
ground have been found; and carvings nf 
some of the bones show that the cavernt 11 
hunted and ate the mammoth, the reindei r. 
the elk, the horse, and the bison. 

We have spoken of the glacial epoch, 
but there were really several glacial epochs 
— some say three, and some seven — with 
more genial periods between. 

Man, we have said, must have lived in 
this epoch, but few traces of man have as 
yet been found — ^a few skulls and jaws, and 
flint weapons known as “ eoliths.” 

The Laying Down ' of the Fottil Bede in 
Different* Countries 

When we consider the great geological 
epochs, as described by the fossils in the 
sedimentary rocks, we must not make the 
mistake of supposing that all rocks contain- 
ing the same fossils were laid down ami 
raised up at the same time. In any part of 
the world the fossils occurring in any 
superimposed series of formations havt* a 
definite serial relation to each other, hut 
one cannot say that similar fossil beds hi 
diflerent countries were laid down contem- 
poraneously. Rather the reverse, for, siia r 
each form of life probably sprang into exist- 
ence in some particular region, it niiist 
have taken time for each to spread to other 
regions. If w’e assume, for instance, tliat 
an animal took origin in Africa, and s])rea(i 
to America, and if we find fossils of the 
animals both in Africa and America, it is 
plain that the American must be later tluin 
the African. 

All these depositions and elevations cf 
sediment that produce the different for- 
mations, with tlieir fossil contents, neces- 
sarily imply constant changes in the geo- 
graphical formation of the earth. 

A Traveller Walking from India to Peru who 
would not See a Mammal or a Flower 

Among j)akcozoic lands was the paleo- 
zoic continent known as “ GondwanaLand, ” 
which consisted of South Africa and a large 
part of Central Asia, together with Mada- 
gascar and the Indian Peninsula ; and il is 
quite possible that' “ Gondwana Land” 
joined to ancient South America through a 
continent in the South Atlantic, known as 
South Atlantis. If this were so, one might 
have gone by land in these days from India to 
Peru ; but not a single mammal or flo\ver 
would one have seen the whole way, onl\' a 
few strange monsters and reptiles lurking 
in the primeval jungles. 

China, Mongolia, and Eastern Siberia aiy 
also of palaeozoic date, and formed a conti- 
nent known as Angaraland; and at tins 



forming a new layer of the earth 



beautiful thinj^s, magnified from specks invisible to the eye, were homes of the creatures that built 
Inhabiting the sea in untold billions, they die and accumulate in thick layers, forming limestone. 
‘ h may one aay be dry land in' which some geologist of the future will find fossils of our time. 
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TllEC COAI, IfORKSTS OK MII.I.IONS OK YPvARS AOO- AN IDKAI, IMCTUUIC OF TIIK CAUBONIKIOKOUK Ai.l 
III thf- C>'iil»inilViiiii.s iimsi nf iln- yrciit ciiairieliis wen* foriiKal. and this is how a “coal forest ” must have I(>i>ki-d. Fossil . i. 

Mill rmiul staiulin.y; in c.<al-scains, unqucsLionahU; pro >f that a coallield is an olil forest, and not merely vej^clahlc matter washed lii . v:,. 

as was once supposed to be the < ase. 


iinio ilio North Atlantic was ])rol)ably 
occn]:)i('(l l)y a /[^roat continent —Atlantis. 
Ill early Mesozoic times tluTc was a great 
sea named tlie Sea 
of Tethys, the 
ancient ('(*nlral 
M(m 1 i ( ('rraiu'an, 
between (iond- 
wana Land. An- 
garaland, and the 
European jiart of 
Atlantis. Towards 
the middle of the 
Mesozoic times the 
bottom of this 
great sea lieaved 
lip and formed 
Asia Minor, the 
mountain regions 
of the Hindu Kush, 
the Pamirs, the 
tlimalayas, and 
the Trans-Hima- 
layas, thus com- 
pleting the con- 
tinent of Asia. 

The modern Medi- 
terranean is a relic 
of that mighty sea. 

What an upheaval 
it must have been 
that made the 
J-limala\ as ! 

At the end of 
the Mesozoic 
p(*riod, also. North America emerged from 
the sea. In the ( retaceous period it .was 
covered by the sea from tlie Gulf of Mexico 


to the Mackenzie Kiver, and ])erha]is as fdr 
as the Arctic Oci'an ; and when the oci nn 
bed rose, a large inland sea, known as “ Luke 

J.aramie,” wiis 
l(‘fl in ti e centre 
of th(^ new con- 
tinent. 

Even in Oiia- 
ternary times 
wh(*u prehistoric 
man was chip- 
j)ing his Hint', 
the world’s /Ljeo- 
graphy was ww 
much milik(‘ 
geogra])hy now. 
In those (l:i\‘' 
u r o p e e x ■ 
tended far we-^t- 
wards of tlie 
l-$ritish Isles : and 
the Irish S(’a. t In- 
English Chaiiin-l. 
and the (i(‘rniaii 
Ocean were wide 

valley ji 1 a i n s 
watered by noble 
rivers. 'I'lie Rhine, 
with its 
taries the Idbe 
and the Thame-. 

flowed northw aid- 

and opened nit" 
the sea near di" 
Faroe Isles, and 
the Seine flowt^l along the valley ot iIh’ 
English Channel, to enter tlie Atlantia 
hundred miles west of Land’s End, J leiv 



A eiKCK OK ROCK FROM ANOTHKR WORLD 
'I'liis photDjijr.ipli is Ilf a pi<;«'e t>f nx'k lhat has fallL'ii un our earth as a lUf-leorite, 
whiili proves on analysis to be roinptised of the same materials as those 
whii h comprise ih,? roi ks of the earth. 
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w.ts no Adriatic, and the Mediterranean was 
(Ij/idcd into two by a belt of land which 
sirrtched across from Africa to Europe. 

probably united to America across 
tli - Behring Straits, and Europe was perhaps 
united to North America by Atlantis. 
A traveller could have gone, with the 
ait I of a small canoe, all the way from 
I j tiulon to Tasmania. Professor Sollas gives 
jis an interesting 
picture of what a 
1 1 livelier could sec in 
tlicse early times : 

“ Even before leav- 
ing bhigland he would 
sec strange sights on 
tlie way; great herds 
i)t ele])hants of an 
a n (' i e n t kind, the 
iniglitiiT ])redeces- 
-,()!>, pi'i’liaps ances- 
lors, of the mighty 
Atricaii elephant : he might witiK'ss, nrd with- 
iiit aw(‘, tlu; infuriated rush of the S()ft-nos(‘d 
rhinoceros, which bore a horn sometimes 
IS much as three feet in length ; disporting 
H in the rivers was thc.t shy behemotli 
ihe hip]'»opotamns, the motluT animal 
■iwimming with her young upon her back ; 
sometimes he might catch sight of the 
,ncat sabn'-toothed lion making its st(‘althy 
spring, or hanging on to the Hanks of a 


strayed elephant. A delightfully warm, 
open climate might tempt the traveller to 
make his hed in the open, but in any case 
he would do well to beware, before accepting 
the shelter of a cavern, for there he might 
encounter tin* terribli; cave bear, larger than 
any existing species, or an animal still more 
terrible, no other than man liims'clf.*' 

But perha])S nothing gives us a better 
idea of tin* protean 
changes in the sur- 
face of the globe than 
a comparison of the 
g('ography of Britain 
at different epochs. 
In early C'arboniler- 
ous times, all 1 reland, 
and most of Britain, 
including all the 
Southern and Eastern 
('ounties, were under 
tlu' S(’a : th(' North of 
Scotland was part of a mainland, and thc‘ 
Irish Channel was dry land. InTriassic timi's 
almost the whole of Scotland and Ireland 
were above wat(‘T, but almost all England, 
except Wales, and tlu* south-west and south- 
east, were uiuh*!* the si‘a. Whilt* in 'I'ertiary 
times the south-east coriu'r of England was 
submerged, and all the rest of the British 
Isl(‘S above tlu* sea. and conn(‘cti*d with 
Norway and Iceland by l)road ])elts of land. 



Tin- fir'll of llicso two opir phi>tojL;r:tplis .shows a pit ta- i>f wooil 

a tew vt-ais ohl ; pit.* scfoml .sliows a piet o of ooa] niilhons itl vears 
olil. Ontler tlu* niirtosn>pe thc.strin lure of one leseiijhles the oth«-» in 
a reiiiarkalile way. .slniwin;; asti>nisliiti^ preset vat ion of ilelie.ite siiin - 
lure, lliroii<'li countles.s a.i^cs, tleep tl«)wn in the piessnre of the e.iiili. 



' V of the aich.x-an rooks we know are vohianic in origin ; .ami this photoj^raph, taken in Fifeshire, sliow.^ lu)w these fiie-formetj io« ks 
Miroiij»h the original ernst. or flowed onf throtijnh a lis.siire, in the flays when the Uritish Isles were hein;; laid flown. 'I'he inail.s 
' : sandstone to the left were in.ade by the .sea in prcliisturig lime.s, ho that here we see the action of fije and w.itei .sitle hy side. 
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SOCRATES THE IMMORTAL GOES OUT INTO THE UNIVERSE 



SHALL Wll BURY YOU ? ” THEY ASKED SOCRATES BEFORE THE EXECUTIONER CAME. ‘ WHERE YOU WILL.' SAID HE : IF YOI" CAN C.VTCH ME ! 


CR OUP 3-LI FE T HE PO WER THAT RUNS T HROUGH A LL THINGS- CHAPTER 4 


WHY THE BODY MUST DIE 

The Meaning of Physical Death in the Scheme of Nature, and 
the Place of the Individual in the Scale of Ascending Life 

FROM BIRTH TO DEATH AND DEATH TO BIRTH 


L ife can only exist under certain con- 
ditions, and if these be lacking it ceases. 
\ great part of all death is due to this 
ausc — ^to battle and murder and accident 
ind starvation and poisoning. Some of these 
orms of death are of the utmost import- 
nice in the history and progress of life, 
or the death by murder of one species 
nay mean the life, the well-fed life, of 
mother ; and death by starvation raises 
he whole question of the struggle for food, 
vliich is half the drama of the world. 

But here wc^are faced with a different 
piestion, which is concerned with the fact 
>f what we may call natural death. This 
s not to say that the other forms of death 
ire unnatural, but we require a special 
erm to indicate the form of death which 
s due to no accident or murder or lack of 
he needs of life, but depends upon an 
nternal and inevitable necessity in the 
lature of the living thing. Unless we once 
or all grasp this fundamental distinction 
letween “ natural ” death and all other 
orms of death, we shall never be able to 
inravel and understand our problem — the 
>roblem of death — as one of the universal 
Liid appointed facts of life. 

We require definitely to satisfy our- 
elvcs that there is such a thing as natural 
loath. In our own lives we are beginning 
o learn that death may often be averted, 
likI that the greater part of human death 
s, at the least, premature. We may almost 
)o excused for rushing to the conclusion that, 
f only we knew still more about diet, and 
' auto-intoxication,” and all the rest of the 
’ocabulary of the modern food-reformer 
aul “ health-culturist,” we might avert 
kath indefinitely. And among the humbler 
orms of life we see death so constantly 
lue to accident, change of weather, starva- 
iDn, and, above all, to the attacks of 
>tlier life — as when the bird eats insects or 


the cat the bird — ^that there also 'we may 
suppose that, if special protection were 
afforded, any living thing might continue 
to live on indefinitely. 

ihit it is not so. We may admit that wisei 
and better conditions — not necessarily easier 
conditions, but tliat is another and a tre- 
mendous story — would prolong the span of 
life for almost all individuals of all species, 
but not indefinitely. We observe that our 
domestic pets grow old from maturity as 
inevitably as they grow up from infancy. It 
is as definitely part of the preordained and 
unchangeable nature of the cat that it shall 
grow old and die as it is })art of the nature 
of the kitten that it shall grow to be a cat. 
The necessity of natural deatli is thus in the 
kitten, and was in it from the first instant 
of its individual life. We are all neces- 
sarily walking to our own funerals, so far 
as physical life is concerned ; and what is 
true of all forms of animal life is true 
also, though with some qualifications, of all 
forms of vegetable life. Death is one of the 
inherent attributes of life. 

We are thus faced with a paradox, the 
greatest paradox in Nature. Having surveyed 
the living world, we saw at least as far as 
this — that life will not give in, that it ever 
demands more and more exj^ression, and 
that all its attributes exist for its service. 

The leaf of the plant, the claws of the 
tiger, any attribute or characteristic, with- 
out any important exception, of whatever 
living creature we choose to study — -all 
e.xist for the furtherance, enhancement, 
multiplication, aggrandisement of life. Yet 
at the very outset of our study, and without 
a moment's interval after we have realised 
this concentrated, unshakable, devoted 
striving of all the living world and all its 
attributes, we find ourselves faced with 
death, which is at least as universal a fact 
of living things as any that we can observe. 
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If this be an exception to the rule, it must 
either, in some apparently incomprehensible 
fashion, be an exception that proves the 
rule, or else it must break the rule alto- 
gether. How can we regard “ more life 
and fuller as the aim of all life if we fmd 
that all living beings are constructed and 
intended to die ? 

As we shall learn later, the living world 
displays characteristics which compel us to 
believe in what is called “ natural selection,*' 
or “ the survival of the fittest.** According 
to this doctrine, not merely are living things 
made in order to achieve as much life as 
possible, but all existing forms of life are 
the survivors of an age-long struggle in 
which victory always goes to those that 
are “ fittest ** — those that have the greatest 
numbers of features which enable them 
to survive. We therefore speak of the 
“ survival-value ** of a backbone, or a 
trunk, or an instinct, or a wing, or an in- 
telligence, or a tearing tooth, or any other 
feature of any* individual of any species. 
It is true that, since this doctrine was first 
stated, we have learnt to sec that some- 
times new forms of life appear wliich may 
not have any survival- value of their own — 
say, for instance, toy dogs, some of whose 
features are a handicap, and would be fatal 
in the ordinary way. 

The Survival-Value of Death which has 
Enabled it to Persist and to Make for more Life 

But though we must note this lest we find 
ourselves in contradiction when we come 
to consider the j)rinciples of Mendelism, 
no one (piestions tliat the great and gen- 
eral characteristics of living beings have 
been formed under the influence of natural 
selection, which has always and necessarily 
favoured the survival of whatever made for 
life, and has incessantly and ruthlessly 
])runed away whatever made for death. Yet 
this character, death, has survived in the 
struggle for existence ; and the law of the 
“survixal of the fittest** must cither be 
nonsense, or else we must demonstrate 
what seems the utmost absurdity — ^the 
survival-value of death. 

Evidently we cannot mean the survival- 
value of death to the oak or herring that dies. 
Its death cannot ]^roinotc its life. But it is 
possible that its death. may promote the 
life of the. species to which it belongs, and 
thus death would mean, in the long run, 
the making of more and fuller life. The 
great student and thinker who. first 
tackled this tremendous question was 
August Weismann, the German biologist, 
to whom our knowledge of heredity is so 
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much indebted. As a devoted follower (. 
Darwin’s doctrine of natural select i( >11 
Weismann saw that this doctrine 
either be abandoned or it must be pro\’i ( 
that death makes for life, and has thus Ixh i 
encouraged by natural selection, just likt 
the other characters of living beings 
locomotion, sensation, teeth, and what n<jt, 
which obviously make for life. 

Weismann’s famous essay was written ;i 
long time ago; and here we may restate tin 
case as it can be seen to-day, only we rniisi 
remember our debt to this great man, wli< 
still lives and enjoys the homage of all 
students of life throughout the workl. 

The Birth of Death, and the First Living 
Things that do not Die 

Substantially, indeed, we can add nothiiii; 
to what he showed many years ago ; aiul 
certainly we must follow his method, wliiiii 
was to trace the forms of life up from tin* 
humblest known, and thus to explain clcalh. 
by discov’^ering its birth. For Weismann 
showed that death was not part of lln* 
living world at first. It has been evolwd, 
as backbones and brains have been evolved : 
and the key to it lies in its origin, in the ( ir- 
cumstances which led up tc; the birth of deatli. 

We have already seen, as Weismann \sas 
the first to point out, that the single-celled 
creatures, which divide into two and 
continue, do not die. Death, as wc under- 
stand it, does not occur at all. The indi si- 
dual amoeba, or bacillus, disai)])ears, but 
no part of it has died. These creatures are, 
therefore, in a sense immortal. What wv 
mean by natural death has not come into tlie 
world at this stage in the evolution of lil<‘. 

But among both ])lants and animals wv 
find that these single-celled creatures be- 
come the ancestors of higher forms, madt‘ 
of many cells, some of which discharge one 
function and some another. The whole casi’ 
is now necessarily changed. 

The Ceaseless Succession of Individuals that 
Make up the Race 

The cells of a feather, or of the skin, 01 of 
a tree are evidently incapable of forming a 
new bird or bat or oak. They arc specialised 
or differentiated, as we say, for a particular 
purpose, and what is true of them is true of 
the body of the individual as a whole. ^ ct 
the original tendency, which wc saw in the 
microbe or ^ the amoeba, persists. That 
tendency was to grow and grow, until the 
only way in which yet further growth could 
be attained, and more life achieved, was by 
cell-division. And this tendency to cell- 
division, and the birth of new life, persist ^ 
in oak or whale or man no less intensely 
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and inevitably than in bacillus or microbe, performed his or her task for life, and may 
In every living species whatever, this making disappear. Indeed, it musit disap|)ear, a*^ we 
of more and more life is the dominant need shall see, if the best interests of life are to 
and purpdlSe ; and the key to death is that be served, and its death therefore directly 
it is only the passing of an individual, not of serves and extends life as a whole, 
the race, and that it is better for the race These are ideas of the importance of indi- 
that the individual should pass away. viduals so revolutionary that they require 

This is what we must now prove ; and to solid proof, and that proof is now forth- 
Ihat end we must ask ourselves what the coming. All students of life are agreed 
individual is, from the point of view of life that Weismann's profound interpretation is 
as a whole. the true one. He taught us to see the 

If we look at the simplest individuals, potential “ immortality ” of the unicellular 
such as a microbe or amceba, the race is forms of life. One must insert the word 
simply a succession of such individuals, and “ potential,'' since, of course, any living thing 
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it is impossible to distinguish between the may be killed. But these formas of life know 

life and interests of the race and the life nothing of natural, designed, predestmed 

and interests of the individual. But directly death. 

wegoany higher, we find that only a tiny part Now, the gcrrn-cells, which are cared for 

of the individual is set apart for the future, and sheltered and fed in the bodies of indi- 

Such parts are called the “ germ-cells " ; viduals of all species above the single-celled 

and, indeed, they are the race. The indivi- microbe and ama^ba, and their like, really 

dual’s body is not the race ; it is the tern- correspond to the sequence of individuals 

porary host or trustee or vessel of the race, among the amcebas, or microbes, while the 

and its business is to take care of the germ- body of the individual simply shelters the 

t^ells, or “ germ-plasm,” entrusted to it, successive generations of this still one- 

and hand them on unliurt to the future, celled race. Therefore we may sj)eak of. 

When that has been done, tl]c individual has and recognise, the “immortality of the 
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germ-cells/’ corresponding to the “ immor- 
tality '' of the single-celled species. Nature, 
as Tennyson saw long ago, is “ careless of 
the single life/' but now we sec why. 
Nature is only careless of the single life, or 
individual, because she is careful of the race. 
She therefore considers the individual only 
in the interests of the immortal race of 
which the individual is the host ; she con- 
structs all individuals not in their own 
interest — as we arc apt to suppose — ^iDut in 
the interest of the race and the future. 

The Unfailing Renewal of Life which it the 
Firtt Great Law of Nature 

They are not made for themselves, but 
for parenthood ; and, when they have dis- 
charged all their duty to the race, they 
cumber the ground. Let them pass away and 
their bodies be resolved into their elements, 
and nourish the future — ^j^erhaps even the 
new individuals to which they have given 
birth. 

If we look at the facts, we find that they 
justify these at first sight im]:)ossiblc asser- 
tions. The common saying that self-preser- 
vation is the first law of Nature is simply 
untrue, and it is one of those untruths which 
contain just enough tiutli to obscure the 
real truth. The preservation not of the self, 
the individual, but of the race, is Nature’s 
first law. If we survey the living world as a 
whole, we find that self-preservation is 
subordinate to, and exists in order to serve, 
the })rcservalion of the race. The unfailing 
renewal of life — that is living Nature’s first 
law. The instinct towards this end, some- 
times called the repnxluctive instinct, and 
oftencr still, by a most unfortunate misinter- 
pretation of its very essence, called the 
sexual instinct, is best called the racial 
instinct. It is the instinct requisite for the 
continuance of the race ; and not hunger, 
but this instinct, in all its forms, is the 
dominant passion of the living world. In 
mankind, that i. v(iuc being, this instinct 
may take many ioi.ns, and may become 
almost unrecognisable ; but whether it 
remain crude and primitive, as lust, or 
become transfigured and xlealised as love, 
it has its jeonian roots in life’s imi)erativc 
impulse towards more life ai d fuller. 

One of the Ways ia which it is True that it is 
Love that Makes the World go Round 

Following this dominant impulse, w^e 
accordingly find that, everywhere through- 
out the living world, “ self-preservation ” 
takes a second place. In many species the 
very" act of fatherhood or motherhood 
involves the imricdiate death of the indi- 
vidual. Ifl ar.y species the certainty of ‘ 
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death, the presence of desperate danger, 
may be ignored when it comes into compe- 
tition with the transcendent claims of the 
instinct which maintains the race. We say 
that “ Love makes the world go round ” ; 
and of the many possible interpretations of 
that saying, one at least is w'holly true — ^that 
the impulse towards the renewal of life is 
the dominant tendency of the living world. 

In the long run, and on the whole, it must 
follow^ that the individual is measured, and 
its fate scaled, in accordance with the 
decrees of this supreme necessity, beyond 
which there is no appeal. In many species, 
as w^c have seen, the fathers die directly 
their task is done. In others, as the bee- 
hive teaches, the fathers are deliberately 
killed by the foster-mothers directly they 
are of no more use to the maintenance of 
the race. Their further life would starve the 
next generation. All the food must be 
saved for the young grubs ; the drones must 
not be kept another day to consume the 
children’s food. In other cases the fathers 
are of use not only as more or less mechanical 
trustees and transmitters of the germ-plasm 
which has been entrusted to them, but also 
as unselfish and devoted workers in the 
interests of their offspring. In species 
w'hose fathers have attained this status, tlu^ 
fathers do not die as they otherwise would, 
but live to see and serve their children. 

The Service to the Future which Ultimately 
Justifies all our Lives 

Of course, we are here s])eaking of the 
normal and healthy principles of life. Tlie 
human father who allows his wife to support 
him, eats his children’s bread, and, in a 
drunken fit, throws the baby at its mother’s 
head, has hardly a parallel in Nature. 
He outrages all her laws, and is in every just 
sense the inferior of the microbes which 
track him down at the last. Yet our ver\' 
detestation of such things, and our inlensi' 
sense of their wrongness, testifies in itself to 
our unexpressed perception that fathers 
and mothers — which w^ould normally mean 
all individuals — are made for the futun'. 
and are justified of their own lives by their 
service to the future. That is Nature's 
judgment with all her creatures, with flower 
or insect, or bird or fish ; and it is none 
the less significant that our judgment of 
each other should instinctively conform to 
Nature’s, whicir is hundreds of millions of 
years older than the human species. 

Yet one more illustration is pertinent. 
Parents often regret that their children 
requite their love and devotion with such 
lukewarmness. The man in his maturity, 
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or the boy at school, does not love his vain does the mother long for the return of 
mother as she loved him in childhood. The such love as she gave her son. That love 
parental instinct is one of the dominant was implanted in her for the race ; but, 
facts of our nature. The “ filial instinct,"' her duty done, she must be thankful for 
wliich should correspijiid to it, does not what love and devotion she can get. To all 
exist at all, though the name has been this there is a tragic side, and in many 
supplied for it. (duldrcn or adults may love respects man may better Nature here, but 
tlieir parents, may be grateful to them, the meaning of the facts is clear, 
may feel tender to the old, but there is If we accept this reasoning, we are still 
here no real correspondence with the feeling faced with another difficulty. Let us put 
parents for children, or of all normal on one side the unique case of self-conscious 
people for young and helpless lifef^'^fildeed, and personal man, and, considering such 
il we nowadays take care of helpless old forms of life as the oak, the swallow, the 
people, that is not the “ filial instinct,” but herring, the fern ; let us ask : Why cannot 
h is the parental instinct, directed in us life be content with individuals, and make 
lowards those \vho are in their second the most of them, insteiid of persistently 
‘ hildhood. making fresh starts and destroying her 

In a word. Nature safeguards the future ; previous attempts ? The whole i)rocess 
iihe leaves the past to take its chance. In so wasteful, and so constantly self- 
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annulling, as if one wrecked with the left 
band what one made with the right. 

But let us observe that, with and through 
and alongside of all this ceaseless succession 
of birth and death, of effort to make fine 
forms, and destruction of them when they 
are made, life ascends. Throughout the 
ages there is a process which we call 
(•volution, and on the whole the fruit of 
that process is progress, “ more life and 
fuller.'* If we look at the steps and stages 
by which life thus attains what we have 
agreed to be its evident and persistent 
])urpose, we shall see that it could have 
been attained, and will in the future be 
attained, only by the method of finite 
individual lives, and an endless succession 
of fresh starts — some of which may be an 
iidvance on anything that has gone before. 

The Universal Fact of Death that Exists in 
the Service of Life 

Only by the method of reproduction can 
life achieve new forms. Germ-cells vary, 
and if they get the chance they will develop 
a certain number of individuals which 
surpass their parents. Here, and here alone, 
is the possibility of all pn^gress. All evolu- 
tion depends upon variation. If there were 
no reproduction, there could be no varia- 
tion ; and if there is to be reproduction, the 
rc‘producers must make way for the repro- 
duced, the parents for the children. As 
the French ])ro verb has it, ‘‘youth will be 
served." It is the universal law of life, and 
it is, as we have now jiroved, the necessary 
and fundamental coiiditioii of all ])rogress. 
rhe paradox which we have called “ the. 
survival- value of death " is therefore justi- 
lii'd ; and we see it to be one of the greatest 
services— -however little recognised as yet — 
of modern biology to the human spirit to 
liave interpreted death in this truly magnifi- 
cent fashion, as the servant and ally of life 
and the handmaid of progress. If new 
loims are to come, old forms of all plants 
and animals must make way for them, good 
tliongh those forms may be in themselves, 
and better than any that went before them. 
They have not existed in vain, though their 
Ii\’es seem so short, and though they might 
incline to ask, if they^ could, why they were 
I’orn merely to die. 

The Living were not Born to Die, but to 
Beget Better Life 

They were not born merely to die. That 
i^ net life’s idea. On the contrary, they 
'\cre born in order to beget better life than 
llicir own, in order to serve the future and 
take another step towards .realising the 


utmost that shall be. And since indi- 
viduals, however ephemeral, are thus neces- 
sary for her purpose. Nature rewards them 
well, makes life sweet, and the renewal of 
it and devotion to it sweeter still, and hides 
completely from them the knowledge of 
death. So pleasant, indeed, does she make 
even this terrestrial portion of life allotted 
to her self-conscious marvel, man, who can 
foresee death, and taste its agony afar, that 
even this life is w'ell worth while, and “ a 
pleasant thing it is for the eyes to behold 
the sun.” 

Lest the reader should not have given the 
intended weight to those qualifications 
which the fear of lending colour to un- 
scientific materialism has required us to 
make in the foregoing statement of physical 
death, let it be most clearly laid down now 
that we have here been considering death 
as a terrestrial fact, a fact actual, indeed, 
but ])hysical, essentially material, and of 
things seen. It is the common lot of all 
forms of life, high or low, atlmirable or 
horrible. Certain dispositions of matter, 
which we call their bodies, cease to exhibit 
their former ])owers, and fall to pieces. ’ 

The Everlasting Mystery that Lies Beyond 
Physical Death 

That is the evident fact of physical death, 
of which the foregoing is the interpretation 
offered by modern science. The only death 
that physical science knows is physical 
death —death of the body. That apparently 
wasteful and cruel process is here inter- 
preted as being a necessary condition of the 
coming of finer and higher bodies in the 
futures 

Hut of the death of That, whatever it be, 
wdiich animates the bodies of living things, 
science has no record or evidence. It only 
knows, what all m(,m know, that bodies 
in which life showed itself fail to dis])lay 
life longer, and fail even to maintain their 
form and structure. That is death, the only 
known tlcath, and that science seeks to 
interpret. But those who, greatly pre- 
suming, looking only on the material 
surface of reality, and thus profoundly 
ignorant, would infer from the bodily dis- 
integration which wc call death that 
nothing beyond remains, have yet to pass 
through science or ” knowledge ” to wis- 
dom, which knows, as Socrates said, 
what it docs not know. “Where shall wc 
bury you ? ” they asked him, before the 
executioner came. ” Where you will,” 
was the reply, which h;is survived the ages, 
and will survive intmite .'iges more; ” i/ 
you can catch me ! " 
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A DEATH-STRUGGLE BETWEEN TWO PLANTS 



1'his remarkable pliotojjrapli of a section of clover stem, taken through a microscope, shows how tin* 
common dodtler lives as a parasite on another plant. The seed germinates in the ground, and tin* 
doclder then starts out in search of a victim. As soon as it touches another living plant it coils 
thread-like stems around it, putting out a series of little roots that eat their way into the plant as shown 
in this picture. Then the dodder’s original root dies, and it lives entirely upon its victim until it straiigl* 
it. • Dodder is very destructive in Knglish gardens, and in (^ermany destroys whole fields of cIovl i • 
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GROUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH- CHAPTER 4 


MOTHEREARTH’S CUPBOARD 

The Storehouse in which Food for Plant Life 
is Kept and How it is Constantly Replenished 

THE SOIL PACKED WITH THE SOURCE OF LIFE 


H aving gained the knowledge of what the 
soil is made of, and how it is made, 
and having realised that from this soil comes 
almost everything we use, the thought 
at once comes to us that the soil must 
inevitably be a veritable storehouse of 
iood for millions of living things. In 
spite of the fact that the earth is usually 
ngarded as a mass of inert matter, it is 
Iriie that the soil we so carelessly trample 
down is full of life. 

This question of the nutrition of })lant 
life may very well serve as a basis for a 
elassification of plants themselves, accord- 
ing to their methods of life. Such an 
arrangement gives us four groups of plants 
water plants, stone plants, ordinary land 
])lants, and plants which live upon others. 
i)oiibtless these four groups of plants have 
intermediate connecting links, but it is 
convenient to regard them as distinct. 

In the first place, we have the aquatic 
plants, obtaining their food for the most part, 
it not altogether, from the w^ater in which 
they live, this being done whether the plant 
is iixed by submerged roots or w'hether 
it be free in the water. Some plants there 
arc which obtain their fi)od from the water 
and from the atmosphere as well, should 
tl.K' former subside'. 

In the second group, which is a small 
‘»nc, we have those mosses and lichens 
which arc found closely adhering to the 
Mil face of stones. These ])lants must 
necessarily derive their sustenance directly 
frnni the air; and a characteristic of such 
plants is that they are able to resist dryness 
h)r a very long period. Plants living 
‘^n stones with their roots penetrating 
trevices are, . of course, not of this class, 
hut arc land plants. 

by far the great majority of plants 
belong to the land group, deriving their 
iioiirishment — whether fluid, such as water. 


or mineral constituents that arc held in 
solution — from the soil itself. 

Since it is usual for a plant to be fixed 
to one spot, unable to move about with 
the freedom of an animal in search of food, 
it is obvious that sooner or later the plant 
must exhaust the supply of nourishment 
available in the immediate neighbourhood 
of its roots. When this is being done, we 
can observe thcjse roots reaching f)ut 
farther and farther from the central stem. 
Even then, were it not for the combination 
of natural processes which arc called the 
battle of the soil, any given plant would 
exhaust the stock of food in its immediate 
vicinity. It is, however, also true that, 
within certain limits, land plants do move 
with a view to secure nutrition, and these 
movenumts must be studied. 

How do plants absorb their foodstuffs ? 
Plants all consist of one or more cells, and 
in the majority of cases the plant cell has 
an envelope enclosing the cell ])rotoplasm. 
It is necessary that all food must find its 
way through this envelope before it can be 
built up by, and into, the protoplasm within. 
This is a necessary conc(q>tion which forces 
us to the view that the envelopes of these 
cells are so made thht food particles can 
pass inwards through them, and that other 
matter can pass outwards without 
injury to the cell itself. Doubtless the 
openings in the cell- wall, which allow of 
this exchange, are infinitesimally small, 
but exist they must. The whole process 
has been aptly compared to that of the 
passage of particles through a fine sieve, 
the wall of the cell corresponding to the 
meshwork of the sieve. The process by 
which the fluids pass from one side to the 
other of such a cell membrane is termed 
osmosis, and is of importance in forming 
a conception of what goes on in plant 
nutrition. Moreover, we must conceive 


THIS GROUP EMBRACES AGRICULTURE -BOTANY* BACTERIOLOGY 
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that the cell protoplasm is able to absorb 
and select the soils of different sorts lying 
in the surrounding earth, and to go on doing 
so until the requirements of the cell arc met. 

This is chiefly brought about by the 
affinity for water that the cell substance 
possesses. It is a chemical affinity. An- 
other chemical affinity accounts for the 
diffusion outward from the cell to the soil. 
In this way there takes place, as far as 
one can imagine, the ])rocess of interaction 
between different living cells which results 
in plant nutrition. 

Next comes the 
question : What 
arc the actual 
foods thus ab- 
sorbed? They may 
be placed in four 
groups-' gases, 
salts, water, and 
organic matter, all 
of which the soil 
supplies to ])lant 
life, and the 
sources of which 
we have already 
seen. 

The gases whic h 
claim our atten- 
tion are carbon di- 
oxide, nitrogen, 
and a m m o n i a . 

Carbonic acid is 
one of the most 
important sources 
of plant nutrition. 

This (1 o e s not 
occur as such in the 
atmosphere which 
contains tlu! gas 
carbon dioxide, 
but the carbonic 
acid is formed 
when the carbon 
d i o X i <1 e is ab- 
sorbed by the 
water. The cells of plants obtain their 
carbonic acid from both water and air ; and 
it is an interesting fact that this gas 
will penetrate through a cell membrane 
saturated with water more easily than will 
the oxygen or the nitrogen which is also 
ill the air. 

* Passing tlirough the cell membrane, carbon 
dioxide is converted into the acid, and in that 
foqii reaches the protoplasn^ . The quantity 
of carbonic acid thus absorbed varies 
according to the amount of nourishment 
required, and this in turn varies particularly 
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with the time of the day. All green plants 
require carbon during daylight, and as soon 
as the carbonic acid reaches the cell saj’ 
it comes under the action of sunlight, and 
undergoes chemical processes which result 
in the formation of those important sub- 
stances known as carbo-hydrates. In thi> 
process oxygen is set free and sent out int(j 
the surrounding medium, either air 01 
water. This constitutes one of the nios* 
valuable examples of the constant inter- 
change of plant life and animal life. Thr 

result is a gain 
of carbon to the 
plant, whidi is tli<’ 
clement particular- 
ly required, and thr 
process goes on so 
long as the cells 
in the plant which 
contain the green 
colouring maltei 
are ex|:)os(’d to the 
ac tion of daylight. 
In the procc'ss an* 
also produced, as 
the result of the (h - 
eomposition, sugar, 
stareh, and other 
organic com- 
pounds. 

In the case of 
a submerged plant 
tlie carbonic acid 
required is obtained 
from the water, 
which always con- 
tains more or l» ss 
of that componnd. 
hut the absorption 
can take place only 
by means of 
cells which an* 
actually exposed to 
the water itsell. 
Some of the cai- 
bonic acid is also 
absorbed in the form of carbonate^- 
Plants w'hich live on stones get their car- 
bonic acid from the watery vapour in tlie 
atmosphere, and partly by direct absoii> 
tion of carbon dioxide from the air. Land 
plants, on the other hand, obtain thoii 
requirements, of large supplies of carbon 
almost entirely from the carbon dioxide* in 
the air around them. No plant is knov n 
to take up carbon dioxide or airbonic ac id 
from the earth. 

We now" come to the nitrogen required bv 
plants, and this food is mainly suppli^n 



A MIS I LK I OK PARASITP: GROWING OX AX ALrLK-TRKK 
A parasite’ plant is a plant th.'it livc.s upon otlicr.s, aiul tlic iiiislk-toe, wliieh 
generally on apple-trees, is one of the IUo^t familiar e.xaiiiple.s. 
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from the nitrates and compounds of am- 
monia which are absorbed from the soil. But, 
in addition, the ammonia and nitric acid 
in the atmosphere sup)ply a little. It is 
till* decomposition of dcail organic bodies 
wliich furnishes the nitric acid in the soil. 
And this, is treated in somewhat the same 
way as the carbonic acid, forming other 
compounds. 

Ammonia, too, has a very similar rela- 
tionship to plant life as have carbon dioxide 
and nitric acid. It occurs in very small 
(jiiantities in the 
air, and in water 
in which organic 
l)()dics are decom- 
posing. But the 
principal source for 
ili(‘ nutrition of 
plants is the 
ilicoin posit ion of 
(load bodies in the 
H)il. Water plarits 
;iM‘ obviously 
l i ni i t o d in the 
|)ower of acquiring 
aininonia, as also 
:n(' stone ])lants. 
il](' water plant 
obtains its am- 
monia from (le- 
coniposetl organic 
m alter in the 
water; lh(i plant 
li\ ing on stone is 
ustrictiMl to the 
ammonia in the air. 
bnt land plants, in 
atldilion to the am- 
monia they derive 
bom the soil, can 
:d>«) utilise that in 
tli(‘ atnios])lierc. 

Next with regard 
t o 1 1 10 sal Is requi red 
n"* tood. A know- 
Irdgo of what these 
^alts are is obtained by burning the plants, 
‘ollrcting the ash which remains, and sub- 
jecting it to analysis. The weight of this 

is usually not more than one or two 
per cent, of the original plant. The pro- 
}»»rti()n is greatest in water plants and 
sin.'illost in fungi and mosses. Hut, how- 
ever small the proportion may be, these 
J^itrient salts are an essential element in 
du* food of the plant. If these elements 
•^I'e entirely withheld the plant withers and 
dies. Experiments have been made with 
many salts with a view to ascertaining 
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which of these cliemical compounds are 
essential and which are not. and this is done 
by adding the salt to the water which is 
supplied to the plant roots. The essential 
salts arc those entering into the composi- 
tion of the cell i^rotoplasm, and which are 
used during the process of growth. They 
arc the salts of phospliorus, potassium, 
calcium, and magnesium, together with 
those of iron for green jdants, and 

sodium, iodine, and chlorine for water 

jdants. Silicon is als() an important element. 

All these ele- 
luenls, in order to 
be utilised as fo»)d, 
have to be trans- 
formed first into 
salts, and can (uily 
reach the interior 
of the plant cells 
by passing 1 hn)iigh 
the membrane in 
watiay soliilioii. In 
this way we reach 
the conclusion 
that the important 
f(M)d salts of plants 
arii the s(.)lnble 
snl|)hal(^s, ];)h()S- 
])hates, nitrates, 
and chlorides of 
c a 1 e i n in , mag- 
nesium, ])otassinm, 
andiron. Wind her 
the element is coii- 
laint‘d in one or 
another of thosi^ 
sails does not 
a])pear to be a 
matter of great ini* 
])oi lance ; that is 
to say, so long as 
the plant obtains 
the ]dios])horns it 
netuls, the result 
is ecpially satis- 
factory, wlietherit 
be in the form of potassium ])hosphate 
or sodium phos]>hate. Sulphur is essential 
for the inannfaetnre of ]n()tiMtls. Potassium 
takes a ])art in the formation of starch. 
Calcinin is required because it assists 
ill bringing the sulphur. Iron .seems to 
play a part in the production of the green 
colouring matter, as has been pnn'ctl by 
experiments on artificial growths in which 
plants with no iron turned out white instead 
of green, the addition of the iron clement 
rcctif 3 dng this. Silicon plays a different 
part. This element is abundant in the asli 
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THE LICHEN PLANT THAT WILL OKUW ON A STONE 
Stone pl.'iMt.s of ivliirh lichen is ;i familiar e.xaniplf, derive llit-ir siisti n.im c* 
from ihe atr. Lichen was one of the fiisl thing's to .\;row on tin: i-aiih. 
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of many plants, 
and is j)articu- 
larly concerned 
in producing 
stiff liairs, and 
so foitli, wliicli 
form protective 
a j) p 1 i a n c e s . 

Most of these 
elements- are 
therefore (essen- 
tial to assist thee 
plant in carrying 
out t lie chemical 
])rocesses going 
on within it, all of which are necessary 
for its maintenance and growth. 

All these various salts are present in the 
soil, and can Ixe utilis(‘<l 1 )\' th(‘ j)lant. 
showing that tlu'soil is a veritable 
storehouse of food. The salts 
are produced parll\' from the 
weathering of rocks : partl\’ from 
the water in the soil which con- 
tains th(‘m in solution; partl\' 
trom the water of springs, riv(‘rs. 
ponds, and sea water; and partly 
Ironi the decomposition of 
dead animals and plants, the 
decay leaving the mineral con- 
stituents behind. 

In lh(‘ S('h('in(' of Nature it is 
found that those* salts most 
ivcpiired for plant life and 
successful veg(‘tation are those 
which an* most widelv dis- 
tributed o\'(‘r the earth. Sul- 
phatesof calcium and magnesium, 
and salts ol iron and potassium, 
have a uni\'(‘rsal distribution 
in both soil and w'ati'r. 'Vlu'y 
are not, however, by any means 
absorbed by the plants in 
pro|)ortion to their abuiulancc*. 
in any given soil, but only in ies|)onse to 
th(‘ actual reepiirements of the ]dant. 

So tar W(' have been ('onsidering tin* 
absorption ol nutritious sails by land jdants 


or stone plants 
but thefe re 
mains the con 
si derat ion n 
these ])oints ii 
connection w it 
water plant- 
Here it mii- 
be remembeuM 
that quite . 
n u m her o 
plants wiiiel 
live in wale 
ha\’e their roo: 
h\ed -at th 
bottom of till? Walter, the stems only beim 
subm('rg(‘d, while the leaves are exjiosed li 
the air, just as in the case of other |)lanls. 
In siudi cases, oi course, the* mi‘lhod o 
food abst*r])lion is similar to tli:i 

as 111. 
are con 
to say, the leaxc 
acid dire('lh 
Irom the atmosj)liert‘, and ih. 
roots absorb salts from tin* soi 
und(‘r tlu‘ water. Plants ol llii 
kind should lx* la’gardi'd in tlii 
lesjHH't as land plants, d'hey an 
H'ally marshy plants, and tin' 
include* sucji familiar sju'cies a 
rushes and wat(‘r lilic'S. .\s : 
matli'r of facM, if 11 k‘S(‘ ])lants an 
entiri'ly submerged for a con 
siderabh' lime they die. 

d lu* true waU'r jdants, howawa i 
which pass Iheii’ enliri' life in . 
snl )nu‘rg(‘i! condition, obtain 1 ln‘i 
water ii 
1 1 thi‘y are lakci 
to dry air tla-' 
laisliy j)lanls d' 
if submerged. Man\’ of tlu^in dn 
\ cry (juickh’, simj)ly because- tin 
water m tladr cells (‘se'ajHis, so that tin 
whol(‘ ))lant driesup. 'riu* gn'alc'st i\‘sislaiic‘ 
to this is seiMi in tlu* marine a([uatic jdanl-^ 
as can be obsin ved in the seaweeds aloiu 






111 orelmary pl.iMir» 
re)ots and llu* leaves 
c(M‘n(‘d ; that is 
absent) thi' ('arbe)ni( 


W’llV A KOOr ('.KOW'S 
DOW’NW AKOS 
A nH»l jL;ii*\\s nw.ii'Is, not 
lii-iniiM: it i-, tli.iwii l»v ns 
\\«:ii;lit, lull il lurils • 

noni i'.liiiif-iil. 'I'lw •i-lls loniiil 
on liic lips ol loots, l)\ wliii II .'I 
root .ilisoi lis snits fVoin tiu! soil, 
ilo not .ippr.ii until tin- toot li.is 
pfiK-ti.ilfil ilowii ill tin- « MI ill. 


looel eliree'tly Irom the* 
w hich they live*, 
out anil e.\])oseel 
die, jus. 




familiar Jinlish e.xainpk? uf which arc given on this page. 
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the sca-sliorc, wliicli imi rcguliirly left high presents some mechanical difficulties in tlur 
and dry at low tide. These ]dants can absorption of the salts, 
witlisland higli temj)eraturi;s and great Coming now to the stone plants, it miglii 
dryness on account of the thickness of the be supposed that they obtain their nutritive 
outer layers of their foliage, which enables salts directly from the stones and rocks on 
them to hold sufficiinit water \intil they are which they grow, but this is not so. The 
again submerged with the next tide. The stones arul rocks to which moss and lichen 
majority of true water j)lants are fixed to attach themselves do not serve the function 
some rock or stone under water. of soil, but arc merely a means of attacli- 

In the marine ])lan1s sodium and hxline ment. Like ordinary land plants, the stoin- 
form imjx)rtant elements of the food, and plants obtain their salts from the atmos- 



DKw DKOPs — irn-: miAi'm cL way in which the air gives water to the earth 


great cpiantities of salts arc absorbed; in jdicre, and these salts arc precipitated 

fact, it is found that very few water plants the plants in the tiniest particles of dnd. 

occur in extremely fresh water. The more- In the ordinary land plants the salts in 
salt in the water, the more plants there are the soil are absorbed by hairs on the i ^ei 

likely to be. Running streams, therefore, of the plant, special cells, or protopla 

lire not prolillc sources oi plant life: Such exerting a powerful attraction upon iln’ 
water is always deticient in salts as com- foodstuffs required. It is a sort of siu'ti‘>n 

pared with the water of ]h)o1s or rocks, process on the part of the cells in coidart 

Possibly, too, the motion of the water with the soil, dependent upon cheiiu*^^*'* 
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A J JKLD OF WATERCRESS — A STRIKING rHOTOGRAPlI OF PLANT LIFE GROWING IN WATER 

plants obtain thpir food for the most part from the water in which they live, this beini^ done 
^^li' lher the plant is fixed by siibnier.ij^ed roots or whether it is fri;e in the water. IJy far the great 
majority of plants belong tp the iaiid group, however, deriving their food from the soil. 
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affinities. We have already seen that every 
particle of earth in the soil has a watery 
film around it, and also that the wall of the 
cell, as well as the interior, is saturated with 
water. Tt is along this continuous waterway 
that the foods in the soil pass in. 

.Special cells in land plants are concerned 
with tliis absorption of salts, and these 
cells are in very close contact with the 
minute soil particles. They are specially 
found in connection with tlie tips of roots, 
and constitute what we have called root 
hairs. These absorptive organs are de- 
veloped in land ])lants wherever the 
nutritive matter is found, wherever the 
root finds moisture and salts. 

The Delicate Little Instruments by Which 
the Root Takes in Food 

Everyone knows that roots grow down- 
wards, but the reason for this downward 
growtli is not merely the weight of the roots. 
It is a vital process on their ])art. They 
are in search of food. The absorption cells 
do not aj)j)car in connection with roots 
until the roots have penetrated into the 
region of the soil. 

These root hairs can only perform their 
work when the soil is moist; and we find 
that, whenever the choice is offered of a 
moist or dry soil, they invariably select the 
moist. Thus, instead of a root growing 
straight downwards, as gravity woulcl 
suggest, it will turn in one direction or the 
other according to the ])resence or absence 
of moisture. I'hese root hairs are found 
ahvays just behind the tip of the root ; and. 
as the root grows longer ami longer, lunv 
hairs are ])roduced, alw^ays at the same 
relative distance from the ti]). The more 
delicate the foliage of a ])lant, the longer 
and more numerous are the root hairs. This 
is because thv, delicate foliage allows the 
more ready escape of moisture from the 
|)lant, W'hich must therefore absorb more 
water to maintain the balance. On the 
other hand, evergreen plants, in wdiich the 
stiff structure of the leaves causes very slow 
conduction of w^ater from the roots, have 
less luxuriant hairs. 

The Universal Demand of all Plant Life 
for Water 

It will be seen that, of all the food con- 
tained in the soil, water is the most im- 
portant. Water is a necessity of all growth 
in all plants, as in all living creatures. It 
has to be incorporated in the building up 
^of the sugar, starch, cellulose, fatS) acids, 
and proteids, and is. indeed, as indispenitable 
from its own point of view as is the carbon 
/lioxide found in the air. ' But not onfy is 
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it indispensable in itself, it is also tlic 
only medium by means of which thu 
mineral salts of land plants, water plants, 
and stone plants can reach the interior of 
the plants. It also carries the organic com- 
pounds which feed parasitic plants. 

The importance of winter to the life of 
a plant is twofold — it is an essential food 
material, and an indispensable medium for 
the transy)ort of other foods found in llir 
soil. It is on this account that the demand 
for water on the ])art of all plants is gival 
and universal. Its absorption is simpksi 
in the water plants, where it passes into 
the plant with other food mattirials. In 
the land plants it is sucked up by nieaii^ 
of absorption cells in the root hairs, alon^^ 
W'ith the food salts from the layer of s(jil 
in W'hich this portion of the root lies. 

The food in the soil w'hich is available fm 
the use of ])lant life is either gaseous, in 1 In- 
form of salts, or w’ator. There remains flu* 
fourth kind of ]dant food to be considered 
organic matter, wdiich is ])n)duced by tin- 
decay of the tissues of both ydants am! 
animals. Wherever the deail bodies nf 
])lants or animals are left to decay, tlu-n- 
w'e find great numbers of fungus jdanls 
developing. With these w'e associate tin 
un])leasant smell we call mouldy, wliicli 
is aKvays found in such situations. 

The Food which is Always Beiig Renewed 
by the Plants that Consume It 

Besides t!ie fungus, quite a numher ol 
other plants absorb organic compoinnh 
from decaying y)r()(lucts for the purpose, 
of food. It is not always possible tc 
tell from the conq)ositi()n of soil whetlu-! 
the ])lants in it obtain *t heir organic math-r 
from this source or from the air. It i> 
possible for ydants which are rootc'd in 
dead organic matter to take nothing fi‘»iii 
it but tlic inorganic mineral salts. Tt inint 
be remembered, also, that the ydants grow- 
ing in sand or loam in wliich there is m> 
humus may obtain organic matter from tin’ 
W'Uter filtering through this soil, whiili 
brings organic matter from a distance. 

All cold mountain water contains niinntn 
traces of organic comy)ounds ; and thus it 
is that even clear mountain springs contain 
sufficient organic material to provide leo'l 
for fungi. This organic matter comes fmin 
the uppe.^ strata, which contain mon ‘>i 
less humus and supplies the water pen'e- 
lating through it wdth this Ifood. Rain ami 
snow acting upon the decaying vegetal*!*' 
matter on the surface of the soil in foie'^t> 
absorb it and carry it down with the l**ani 
beneath. The plants whose roots arr 
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spreading in this deep layer of earth arc 
llius able to obtain their organic food, 
,is well as their mineral foods, by means of 
the water. 

The supply of all these various kinds of 
h)()d in the soil is constantly being renewed 
by the living plants and animals which 
consume it. Thus, wherever vegetation is 
left to itself, the very materials of all the 
lood salts which tlic vegetation has ex- 
tracted from the soil will in due time 
accumulate in the up])er layers of the soil. 
How the Fallen Leaves Give Baek their 
Vital Power to the Soil 
Every plant gat hers together the substance 
il refinings for its own nutrition, and the 
loiigc'r it lives the greater the amount it 
stores up within itself. When such a ]dant 
(lies, the elements it abstracted from the 
alniosphere return to the atmosphere during 
the process of decay. The elements which it 
derived from the deeper layers of the soil 
do not ndurn, however, to their original 
d(*])tlis. but remain on tlie surface, or near it. 

Every autumn the fall of the leavu^s adds 
to the accumulation of the nutritious salts 
in the topmost layers of tluj soil. 

It is, however, the mineral salts alone of 
the essential constituents of the plant which 
reiuain unaltered after death. The carbon 
and nitrogen, which are built ii]) into the 
organic constitiumts of the idant, and 
make the fundamental mass of plant 
structures, do not, after tlie jdant's death, 
remain behind in a form in which they can 
he utilised for other plants. All the carbo- 
livdrates are soon split up in the late ^ 
autumn into the same simple compounds 
Irom which they were elaborately con- 
structed in the summer. The more freely a 
d(‘;id plant is exposed to the air, the more 
fluickly does this disintegration take place. 

•The Apparent Destruction and Decay from 
Which New Life Arises 
Prenided the atmosphere on the surface of 
tlu; soil does not fall below frec;?ing-point or 
thereabouts, all the dead leaves and branches 
and tree-trunks, as well as the dead roots in 
the upper soil, undergo processes of decom- 
P'>sition in tlie presence of moisture, and so 
>cturn their organic elements to add to the 
^^npply of food in the soil. If the accumula- 
te m of dead vegetable matter in any given 
point is very abundant we have a quantity 
*^f vegetable mould formed. The drier the 
general conditions, the less quickly and 
tle^roughly decomposition occurs. 

I he actual agents concerned in the pro- 
of restoring food elements to the soil are, 
'^e have seen, the microbes, the minute 


organisms which carry on their w'ork in the 
presence of moisture and within certain 
limits of temperature. Wherever vegetation 
flourishes to perfection these organisms 
occur ill great quantities. In their absence 
no decomposition or putrefaction can take 
place. Similar jirocesscs of decomposition 
can be brought about by mould and fungus. 
By their means the organic compounds in 
dead plants are restored to the air in the 
shape of water, carbonic acid, ammonia, 
and nitric acid. Thus the destruction of 
dead plant life is a means of returning to 
the atmosphere tluj compounds taken from 
it wlien tlie plant was alive, and the carbon 
and the nitrogen are returned in such a 
form that they can once more be utilised by 
other living plants for food. 

We arc confronted, therefore, with the 
thought that the decay of dead plants and 
animals is absolutely neca^ssary for tla^ ])ro- 
duction and maintenance of the supply of 
the vast number of foodstuffs we lind in the 
soil. It is not too much to say that the 
continuation of jdaiit life and of all animate 
nature is de])eiulent upon this process of 
])Ut refaction, which many of us are accus- 
tomed to regard as an undesirable thing. 

How the Earth is Like the Widow’s Cruse 
Which was Always Filled 

But for this an immense quantity of 
carbon and nitrogen would every year remain 
locked up in the bodies of deatl [)lants, 
where it would be unavailable for tlie food 
of the living ; and if this wen^ to go on for a 
sufliciently long ])criod life would become 
impossible, and our globe XN ould be one vast 
cemetery. The ultimate result of this putre- 
faction is the return to the atmosphere of 
the elements required for plant life, and the 
return to the soil of tl;e mineral foods which 
once more become available. The putrefac- 
tive process, in a word, is a process of puri- 
fication. The universal occurrence of the 
minute, living creatures which carry out the 
work not only maintains the necessary 
supply of the various foods in the soil and 
the air, but keeps our rivers and ponds and 
air and earth in the only condition in which 
it would he possible for life to be maintained. 

We have, therefore, to regard the soil, so 
far from being lifeless, as packed with life, 
containing food which is in a constant slate 
of formation and decomposition. We are 
to rcgaril it, indeed, as a storehouse for the 
food of millions of living things, in which 
there is taking place continuously an infinite 
number of processes that render life possible. 
What these processes are, what it is that 
happens in the soil, wc must next consider. 
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THE ANIMALS OF TERROR 

Leading Members of the Great Cat Family — Life and 
Habits of Lions, Tigers, Leopards, Jaguars, Cheetahs. 

THE FEARFUL BEASTS THAT FEAR ONLY MAN 


M adame j^e Stael declared that the 
more slic knew of men tlui more she 
admired dogs. Tlic student of Nature, on 
the other hand, is impelled to admit that 
the more he knows of the llt‘sh-eating 
animals, the great carnivores, the more he 
admires man. 

The carnivora appeared on earth ages 
before man emeiged, and, attaining to great 
pliysical power, to the ])()ssessi()n of superb 
weapons of offence and defence, they 
l)ecame the most terrific instruments of 
destruction in animate Natun\ And such 
tlu'v have remained. By every law of 
probability the human family should have 
disappeared entirely before them. The 
carnivora have lived through the ages 
(‘iitirely by slaughter. They are in the world 
for carnage. Tliey di(‘ wium they can no 
longer kill. If all the carnivorous animals 
of tlic world should this day be sei/c'd with 
a lasting I'epugnaiice to taking life, they 
would be('om(^ extinct. Only giadually, 
tlirough a long period of time, could they' 
adapt themselves to a different diet. They 
are so constituted that they <'an live only 
an the fle.sh and blood of other animals. 
Yet in the presenci^ of this vast de- 
vastating host, ranging almost the entire 
World, man, by his cunning and courage, lias 
achieved .supremacy. He still pays heavy 
toll in human life to these ferocious captains 
of the wilds ; never a day passes in which 
somebody in the British limpirc is not killed 
and eaten. But the victory is as a whole 
with man. The lives now lost are as those 
sacrificed to snipers through wliose country 
victorious army is marching. We may 
consider ourselves spectators of the closing 
phases of this contest, ages old, between 
>iiau and the beasts of prey. The time must 
Loine when the last free lion and tiger and 
leopard will have to be slain. Civilised man 
cannot live in company with the great cats. 


The man-eaters arc bcuind to g(T, as surely 
doomed as wen' the wolves which ravaged 
English homesteads long ago. In the mean- 
time the battle is being waged; and in 
Africa, Asia, and America the great cats arc 
making as fierce a figlit against the conquer- 
ing host of men as tliey have ever done. 

The scene is the same, though its boun- 
daries are constantly being narrowed down 
before tlu* st(‘ady advance of civilisation. 
Man now has firearms instead of the primi- 
tive wea])ons with which his ancestors 
fought, luit to-day the uuarinecl man is as 
helpless before lion or tiger or jaguar as 
were the earlii'st men. Indi'cd, perhaps he 
is a little more j)owerless, for civilisation has 
ma<le him forget how to fight with natural 
wc'apons. In contests such as these the con- 
<litions are unaltered from those in wliich 
the first puny men matched themselves 
against the ferocity and strengtli of the 
Ilesh-ealtTS. The death-roll is grievously 
heavy, hut it is perliaps strange that it is 
not heavier still. In the last resort the 
great cats do not fear man. In the abstract 
they do. If tiuy reason it out at all, they 
may possibly associate his presence with 
tlu^ prcscmcc of ih(‘ip greatest terror — fire. 
They have certainly learned to discriminate 
between an armed man and one unarmed ; 
and this is nowhere more conspicuous than 
in India, where the tiger snaps up a native, 
yet skulks — in the daytime, at any rate — 
irom the man beliind a gun. 

With all his insensate savagery, the lion, 
now (hat one of his great provinces has been 
wrested from him, commands a sort of 
sympathy. India has become the grave of 
almost all the race of lions that peopled its 
jungles and its stony plains. The animal 
has been practically exterminated through- 
out the country ; a few,' however, are now 
carefully preserY’^ed in that portion of 
Kathiawar known as the Gir Forest, and 


this group embraces THE natural HISTORY OF ALL ANIMALS 
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fWO COUSINS— THE LITTLE TIGER OF THE HOME AND THE GREAT CAT OF THE JUNGLE 



The domestic cat is merely a lesser tiger; the tiger is one of the hugest cats. This photograph of a kitten perched on the head of a leopard shows 

tlv" rlosr I)g.*t\vt.-trn ilit-sc vastly (liltVn'nt of tliv samv familv. 
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it was stated a short while ago that even 
llierc only half a dozen still remained. But 
there remains a great part of Africa, from 
('ape Colony to Abyssinia and Algeria ; and 
in Asia the lion claims Southern Persia and 
^I('^opotamia for its range. We still call it 
thi^ “ king of beasts,” for, while it larks the 
impossibly noble qualities with which man 
was. once wont to invest it, there is no other 
Liniinal that can be exalted in its place. 

No other beast can compare with the lion 
for splendour of appearance. This applies, 
f)f course, to the great maned li(3n, whicli, 
|)V the way, is seen at its best in captivity. 
It would sccin as if life in the cage cn- 
Louraged the growtli of hair, so that wc get 
;i false notion, from the appearance of the 
nunagerie lion, of the figure that he pre- 
>;cnts in th(^ wilds. But even in its natural 
^(ate tlie appearance of the lion is impres- 
sive enough. The mane and ruff servn^ not 
nt'iel}^ as adornment : they constitute an 
irmour to d(dend the neck and throat of the 
ion in battle with other carnivores. 

The Battles Between the Lion and the Tiger 
which may have Driven the Lion from India 
This protection must have been nc'cessary 
or the Indian lion in such batth's as he 
ought with the tiger, for, though the lion 
ooks a bigger and stronger animal than the 
[igt‘r, the tiger has tlie advantage in jaws and 
daws ; and such evidence as wc hav'c of 
)attles betwccai tiu? animals goes to jirove 
iliat the tiger is generally victorious in 
•omhat. Indeed, ^Major Alexander holds 
that the disa])p<'a ranee of the lion from 
India is in part due to tig(*rs, which have, 
•itlun- driven away or killed such lions as' 
survived the onslaughts of man. 

ill making this comparison between the 
two animals it should be renienibcred, 
lowcwer, that it is in Africa, from which 
-ontinent the tiger is absent, that the lion 
aches its inaxinium strength and size, 
l-ven the African lion, however, would stand 
Init small chance with the largest of the 
tigers — the Siberian variety. It is a little 
iitliciilt to arrive at any dclinitc knowledge 
to the actual bulk of cither animal, how- 
-ver, for weight has to be reckoned and 
proportions measured in the wilds where the 
dll lakes place. Still it is within the mark 
to say that lions weighing over 5oolb., and 
Measuring ten feet from the muzzle to the 
tip of the tail, are not uncommon. 

One feature the king of beasts possesses 
‘Unchallenged — his voice. Livingstone was 

of a few men who have declared that the 
'nar of the lion is indistinguishable from the 
^ote of an ostrich, but there are men who 


cannot tell the melody of the British 
National Anthem from ” Yankee Doodle.” 
When lions roar in chorus, as they are 
accustomed to do when rival troops 
approach the same water-hole, the very 
ground is shaken ; and the effect upon a 
listener, lying chilled and apprehensive in a 
veldt ramp, is more impressive than any- 
thing else the big-game hunter knows. 
The fact that the lion, like all the other 
carnivora, is a night animal, and loars only 
when man is abed, makes his solemn, deep- 
chested notes tlie more awe-inspiring. 

The Terrible Way in which the Lion Attacks 
its Victims 

The food of the lion varies with his 
habitat. In the oak forests of Persia, the 
wild pigs furnish an abundant diet ; in 
Africa, tlie zebra, the harleboest, tlu^ 
giraffe, the antelope, and, more rarely, the 
buffalo, is the staple food. The teeth arc 
the lethal weapons, not the mighty claws. 
It is commonly supposed that the paws are 
used to kill, but as a fact they are only the 
gripping instruments. IMeii have been 
killed, no doubt, by a blow in this manner, 
but not necessarily by design of the lion. 
As a cat claws at a mouse which moves, 
not to kill, but merely to retain it, so the 
lion strikes with his slcdge-liammer limb 
at liead or leg or hand which his victim 
moves. In attacking animals he does not, 
as a rule, spring boldly upon his victims, iis 
pictures c<3mmonly represent. He rears 
iiiinself into an almost upright jiosition, 
and, while standing on his hind logs, gri])s 
the animal with his forepaws, and inilicts a 
fatal bite at the back of the neck. Tliis he 
follows with a deep bite in the throat, apjia- 
rently in order to drink of the victim’s blood, 
as the bite is not nc'ccssary to kill, the blow 
from the mighty pa\Vs having destroyed all 
power of resistance in the unhappy victim. 

The Lion that Roared for Hours Outside 

Dr. Livingstone's Camp and Dared not Enter 

The fear of man which the great cats 
commonly experience is observable in the 
day rather than night. The contempt 
which a lion shows for man after sundown 
suggests that the canip-tirc may be the 
actual cause of his fear. One lion roared for 
two hours close to Livingstone’s camp, but 
could not muster up courage to pass into 
the lighted circle. Even the camp-lirc 
fails at times, however, to stop the deter- 
mined man-eater. How the lion takes to 
man-killing it is always difficult to say. 
The general supposition is that the animal 
resorts to the quest of man only when his 
speed and strength are waning, so that 
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THE JIANHSOME HEAD OF THE GUEAT MANED MON, WITH WHICH NO OTHKU ANIMAL CAN 
COMl’AKE FOK SI’LENDOUE OF APl’EAKANCE. 

fleeter game passes beyond his reach. That, Tht'se animals certainly (lisj)laycd greatei 
however, was not the fact concerning the skill and rapacity than Livingstone wouh’ 
man-slayers at Tsavo, whose depredations admit as the attributes of the lion, but 
actually brought the building of the Uganda the varied experiences and observations of 
Railway to a halt. These animals were travellers compel us to believe that lions 
neither old nor decrepit ; they did not differ in character as much as dogs and 
lack other food, for large flocks of sheep horses. While some are stupid and cowardly, 
and goats, together witli other animals, others display considerable cunning' and 
surrounded the works. Hut night after invincible boldness. The man-slayers of 
night one or both of the brutes crept silently Tsavo turned the tables on their hunters, 
into the camp, avoided all traps, and eluded and so did another fierce • brute whom 
watchers lying in wait to receive them with three men set out to kill at Kiu, when the 
guns. And £tt every visit a man dis- railway was being built in British East 
appeared. Colonel J. H. Patterson, who Africa. The hunters ran their ' sleeping- 
was in command, and to whom it fell in carriage into a siding, and sat up one night 
the etid to slay the lions, has told tlie . to watch and wait. The night was dark, 
whole storv in his book, “ The Man-Eaters with little moon, and about midnight one 
of Tsavo, which should be read by all * of the party, an Englishman, remarked upon 
interested in the natural history of the lion, the brightness of the “ fireflies near tlu 
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THE AFRICAN LIONESS, WHICH HAS NO MANE, AND TS PROHAHLY THE MOST FEROCIOUS 

BEAST ON THE FACE OF TIIJC EARTH. 

rarriagc, and noted also that a rat repeatedly him out of l)ed, and, then, grasj>ing him by (he 
crossed and recrossed a spot where a steel groin, carried him only thirty yards away, 
rail glinted in the moonlight. But the “ tire- and deposited him under a tree. Tlu'ii, tliough 
Hies” were the eyes of a lion, and the natives were tiring rigid and left, and torches 
“ rat ” was its tail dragging across the rail were gleaming in all direclions, tlu? brute 
as the animal moved slowly to and fro. The lay down by its victim, and drank his blood, 
lion was stalking its hunters. Towards Each time the man moved, the lion bit liiin 
morning the three men dropped off to sh^ep, or pinned him afresh with, his paw. But he 
the Englisliman silting upright with his back did not yet seek to kill ; he bit only in order 
to an open window. Suddenly the lion sprang that he might drink blood, and he continued 
into the carriage, seized the Englishman, at his awful work long enough to enable a 
worried him in the presence of his horrified friend of the victim to g('t up and shoot the 
companions, then leapt out through the lion dead. Mr. Brockman was rescued in a 
opposite window, carrying him in its mouth, terrible plight, with twenty-one bad wounds, 
As grim an experience was that of but he recovered to W\\ tlie tale. 

Mr. Ernest Brockman, a traveller who found The courage of tlu^ lion, never in dispute 
himself near Kota-Kota in British Central when the animal is brought to bay, becomes 
Africa. Here a lion broke into his tent at a sort of frenzy when he is wounded. The 
night, seized him by the shoulder, dragged spring of igii brought a tragic instance of 
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this, involving the terrible death of Mr. 
(ieorge Grey, brother of Sir Edward Grey. 
Sir Alfred Pease’s ostrich farm at Athi River 
had for some lime been harried by lions. 
A hunt was organised, two big lions were 
driven from their liiding-|)lace, and one of 
these turned to charge. Mr. (irey dismounted 
and fired a shot into the animal’s slioukler. 
This did not stop him, so Mr. (irey fired again, 
the second shot smashing two of the animars 
fangs and seriously injuring his lower jaw. 
Hut the lion cliarged home, knocked his 
victim down, and mauled him horribly. The 
other members of the party now rode up, and 
the lion turned to face them. A third bullet 
was put through his ribs, but he returned 
to Mr. (irey, and, as an eye-witness said, 
“ worried him just as a dog worries a rat.” 

A Dying Man Without Pain in the Grip of a 
Lion 

A fourth shot was necessary to firiisli the 
monster. Mr. (}rt‘y was frightfully mauled, 
yet he seems to have felt no pain, for he 
was perfei'tly calm and cool, and able to 
advise his horrilied friends how best to 
handle his lacerated body. Unhappily, 
however, the after-effects of his injuri(‘s 
were so serious as to ( ause death. 

It is sometimes assertt'd that the lion is 
less wantonly cruel than the tiger, and that 
it will not kill for killing’s sake. There is 
little in the theory. Lions ar(‘ as savage 
in instinct as the pet cat whic h, after being 
fed with delicacies, will go into the garden 
and kill, for 'sheer lust of slaughter, birds 
which it makes no attempt to eat. Mr. 
J. G. Millais encountered a lion which at 
various times had eaten half a dozen native 
women. It was neither old nor feeble; it 
was a ten-foot lion, in the prime of its 
vigour and s])('ed. It visited his cam]) one 
night, and struck down a donkc’v within five 
yards of his camp-fire. Two other donkeys 
broke away in terror. The lion left his 
first kill, and pursued them, slaying first 
one and then the other. It ate the third. 

How the Tiger Interferes with the Supply of 
Coffee 

The tiger is more destructive of human 
life than any other animal in India, in spite 
of the fact that hundreds upon hundreds of 
tigers are slain there eve*ry year. Hut wlhle 
the tiger is the animal for wjiich India is 
notorious, its rrpige is by no means limited 
to tliat country. It flourishes throughout a 
great part of Asia and its islands ; and in 
places ^uch as Java and Sumatra it is 
sufficiently numerous to affect the commerce 
of the world. So serious are its rax^ages at 
times that the supi>ly of coffee is periodically 
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curtailed owing to the tigers infesting the 
route from the interior to the coast. In . 
India, however, its depredations are such as 
to wipe out entire villages. Not that it 
kills every one of the inhabitants; but it 
kills so many that the remainder dare no 
longer stay. Many dc'scTtcd villages are to 
be found whose populations have been thus 
in part destroyed, in part driven away by 
these terrible beasts. We are all familiar 
with the story of the tiger’s misdoings in 
India, for ("loveniment returns are issued 
each year ttdling the dismal story. These 
show that the deaths caused by tigers was 
909 in Tf)oS, 896 in 1909, and 853 in 1910. 
In the sam(‘ period nearly 5000 tigers have 
been killed. Seeing that tigers claim a great 
share of th(‘ ()o.o()() cattle destroyed by 
wild animals in India every year, it is not 
to be disputed that our Eastern fellow- 
citizens ])ay dearly lor their unwilling lios- 
pitality tt) this ferocious animal. 

The extent of the casualty list si*ems, on 
tlie lact‘ of it, to chalhaige the accuracy of 
the suggestion tliat th(^ tiger shares the fear 
of man common to most animals. 

The Terror of Life in the Country Haunted 
by Tigers 

Hut, after all, the nian-t‘at(‘f is the excep- 
tion among lions and tig(*rs. The tiger is 
responsible for more' deaths than the lion, 
but tlu‘ ])o])nlalion of India is ('xtrem '1 / 
dense ; the natives are timorous and snoar- 
st it ions, and hopelessly fatalistic. 

It is among the natives that the tiger 
linds ‘his victims ; he tlistinguislu'^ ri'ii 1 1 / 
betwcM'ii the di'lenei'h’ss Hindu and the 
arm(‘d man. native who tiMids rattle 

in tiger-haimted eoiintry st^s many of his 
charges disa])pi'ar before* lu* himself is 
attaeked. Then, some* day, something 
umisiial oeeurs. EitluT he j^rovokes the 
tig(T to rag(‘ by attempting to baulk it of its 
])rey, or the tiger is indispeased to tackle a 
bullock. He attacks the man, and then the 
worst has happeaied. 'rhere seems no doubt, 
as concerning the tiger, that, ” once a man- 
eater, always a man-eater ” is the rul(‘. 
Man, so long dreaded or avoided, proves 
even more vulnerable than the cattle, and 
man becomes the diet of that tiger. Thus 
we fin<l tliat the human victims of a single 
tiger often run to scores. 

There is very little diffenmee between the 
habits of the lion and the tiger, and very 
little difference in structure. The distinc- 
tion is chiefly on the surface. The tiger is 
striped, the lion is not. The tiger is not 
maned, and he lacks that tuft of hair at the 
cud of the tail which distinguishes his 



CATS OF THE OLD WORLD AND THE NEW 



TIllC LITTIJC-KNOWN SNOW LKOPAKI), WHICH HAUNTS THE MOUNTAINS OK CENTRAL ASIA 



THE PUMA, THE GKJCAT AMERICAN CAT WHICH DEVOURS CATTLE AND HORSES 

rile snow leopard, or ounce, is a nioinUain l1allIUin.^; cat of Central Asia. Owinj^ to the inaccessibility 
>f its home, the habits of this animal in a slate of nature are comparatively little known. The puma, 
Jiie of the two j^reat cats of America, tij^ures in many a stirrinj? story. wIutc it is Generally representecl 
as instinctively friendly to man. But it is terribly savage to horses and cattle. 
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cousin. Except that the tiger is lower on 
the leg and slightly longer in the body, the 
dilfercnces as io structure arc less notable 
than the resemblances. In habits the two 
beasts are closely akin, although the lion 
apparently likes the company of his own 
species more than does his striped kinsman, 
who pnders his own society, associating 
with the female only at certain parts of the 
year. 

How is it, then, that th(^ tiger abounds 
in every jungle and in every ext('nsive patch 
of reeds and grass, while* the lion lias been 
exterminated ? One answer has already been 
given. Another is 
that the tigiT is 
less ri'slricted in 
choice of sh(‘lter 
than the lion. The 
lattc'i* has no 

den,” blit the 
tiger has. While 
• he will make his 
home in tin* jungle 
or in high grass 
and swamps he is 
e([ually at hoini' in 
('av(‘s or cli'fts of 
rock, and among 
the mined buiUl- 
ings of deserted 
cities. He is ])er- 
fectly comfortable, 
too, in pestilential 
districts into which 
white men dare 
not |)enetrate. His 
sanctuaries, there- 
fore. are manifold. 

Hut tJie curious 
thing is that, 
when* OIK* tigiM' 
has beiMi, anotlua* 
is certain to follow 
after the lirst has 
been dcrUoyed. 

The tiger occupies his predi'ce.ssors’ haunts 
as surely as mice and rats take up their 
residcnc(^ in runs where other mice and rats 
have been. 

A good swimmer, the tiger covers a wide 
range in his immediate neiglibourhood, 
swimming out to an island by night, and 
returning to ,slielter before dawn. He is 
essentially a nocturnal animal, and dislikes 
heat even more than the rest of his family. 
The late Sir Montagu (icrard saw fm himself 
one re^^son why the tiger sh<mld avoid the 
daylight. A beast which Sir Montagu was 
pursuing under a broiling sun was observed to 
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be very lame, and to leave bloodmarks on 
the stones. When shot, it was found that its 
pads had been actually burnt off by the 
scorching rocks over which it had fled. 

The natives of India make little attempt 
to combat the ravages of the tiger. 7'hc\ 
commonly surrender their cattle, knowing 
that, if they fail to do so, ill may befall them- 
selves. But we have recently seen from 
what a remote cause tigers may take to 
man-killing. Upon a certain day in JC)Oi) 
there occurred a cyclone and tidal wave in 
the Sundarbans portion of the Khulna 
district, in Bengal, and many deer were 

drowned. Omsi*- 
cpiently, there was 
a smaller supply ol 
food for tlu^ tigers 
which swarm in 
this district. The\’ 
took to killing 
human beings in 
d(‘fault, and lh(‘ 
return of deaths in 
icpo was un])re- 
cedi'iitedly high 
for the district. 

In the cat family 
the leopards coini' 
ne.xt in import- 
ance to the figi'r. 
Thotigh s mallei 
than either the lior 
()r tig(‘r, they an 
certainly little less 
to be feared. Tin' 
tiger makes a pro- 
digious upright 
leaj) in pursuit ol 
a man who lia^ 
sought safety in a 
tree, but the ani- 
mal cannot climb ; 
neither can tin' 
lion. The h'opanl. 
however, like its 
cousin the jaguar, is a magnilicent climber. 
It is common to Asia and Africa, and is 
generally distributed throughout most parts 
of India. Over fifteen thousand leopards 
have been destroyed in India alone within 
the last three years, but they have caused 
the loss of over a thousand human lives in 
the same period.' The.se figures do not, how- 
ever, represent anything like the number 
of encounters with men in which the leopard 
is involved. It is really a greater menace than 
the tiger, inasmuch as it more frequently 
attacks human beings, not necessarily 
with fatal results. The leopard haunts 



AN IIKIK-APPARKNT OF THlv ANIMAL KINGDOM 

'riu- lion « ub, iioL Yt-l to the ilij^iilfied mitn of llu* kiilK of 

IdoUs, :iiul is. fi-olit-siiiut; licusl. f.vMly taiUL'd, and «iuitc saft*. until 
.n 1 iilcnt I vvi-.ds to it its physiral stijM-riority over man. Its play, when wild, is 
.simply a luiliii.d tiainiii}; lor the serit>ns eiu ouiilers that await it in maturity. 
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tillages persistently, killing and carrying 
)rf ponies, donkeys, cattle, sheep, goats, 
logs, men, women, and children. Dogs, 
urioiisly enough, are his favourites ; and 
there are parts of India in which not a single 
l<^g is to he found, so thorough have been 
the operations of the leopards. 

While he will attack a man with less 
[jrovocation than will a lion or a tiger, the 
iropard also shows much greater boldness 
111 broad daylight, nocturnal animal though 
he is. As a proof of this may be mentioned 
the experience of the late Sir Edward 
Ihadford when out in Kajputana. He had 
I n \’ i t e d forty 
hhiropeans to a 
picnic, and these, 
in addition to a 
nuiiKTous staff f)f 
servants, were 
assembh'd at the 
liase of a small 
c liff. Sir Edward 
had two whiti' 
terriers with him : 

.md one of tlu' 
nests, ha])])ening 
to look up, saw a 
leopard peeping 
down at the dogs 
lioni a j)oint a 
lumdred and lifty 
het abene. Sir 

(1 w a r d w a s 
wanu’d that the 
big cat had designs 
upon his dogs, l^ut 
he, could not be- 
lieve that llie 
animal would ven- 
Inre from such a 
lieight into the ‘ 
midst of a crowd 
<>1 men and women. 

^'et within ten 
minutes the leo- 
pard did venture, creeping down, making a 
dash among the startletl com])any, and 
getting away safely with one of the terriers 
m its mouth. 

Leopards vary considerably in size and 
'voight, from specimens which may measure 
‘ ight feet, down to the smallest, measuring 
;'nly five feet from muzzle to tip of tail. 

1 lie habits of all are very similar ; they differ 
' hiefly in the size of game they attack. Many 
people in African settlements fear this animal 

much as the lion. Its ubiquity, its silent 
stealth, its daring, and its all-consuming 
‘Ppetite make it a much-dreaded foe. 


Bi'twec'u the true leopards and tlu' jaguar 
comes the siu)w leopard, a snialliT and 
slimmer animal than its American cousin, 
mainly inhabiting the high-lying lands of 
Central Asia. Here, in summer, it is said 
to ascend to a ludglit of ovit 18,000 feet, 
and newer to eome loweu' than half that 
level, except in the (lilgit district of the 
north-west Himalayas, wIktc it is rt*ported 
to be found in winter as low down as 
6,000 feet. Although capli\’e sjHn'ie'S hav'o 
not been uncommon, our knowledge of the 
snow leopard in a state of nature is limited. 
We know more of the jaguar, the king of 

the New W'orld 
cats. The natural 
history of this 
sph'iidid beast of 
prey lias bi'en 
('arefully worked 
out. Jixceptionally 
arge s])ecinu'ns 
nia\' reach a length 
of eight fi'cl. or 
evim more, hut the 
aviTagi' is eon- 
siderahly smaller, 
'riu' jaguar is built 
on sturdier lines 
than the leopard, 
with (Miormonsly 
powerful limbs and 
])aws. His home 
is in the semi- 
tropit al foiH'sts of 
.Vmirica, hut he 
afield, 
stockk('epi‘is 
ar(‘ only loo well 
aware. 

A sii|)erb swim- 
mer and climlH'r, 
he is called a 
water cat o{ 
arboreal habits.’* 
His ])rey are the 
tapir, ])eccary, deer, ant-eater, agouti, 
birds, monkeys, fishes, and (wen young 
alligators. In addition, he levdes toll from 
herd and Hock, and is greatly dreaded as a 
man-slayer, the more d(‘adly liccause he can 
lie perfectly concealed in a tren^, to droj) 
down upon the head of a man pa.s.sing below. 
He will do battle with any animal he meets. 
He can kill tin ox and* drag it into cover ; 
he can kill a horse. Zoologists sometimes 
think the di.sappearanc(v of th(^ prehistoric 
horse from the American continent may 
have been due to tlic great number of 
jaguars and pumas. 
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The jaguar resembles the leopard in its 
spots, and is called the American tiger. 
The puma, which is unspotted, is called the 
American lion. This animal is a terrible 
scourge where horses, sheep, and cattle are 
bred, and was at one time so formidable an 
enemy to the senii-wild horses of Patagonia 
that the herds dwindled away, finding it 
impossible to protect their colts from this 
lithe and powerful beast. The puma is 
inferior only to the jaguar in size, and is just 
as magnificent a climber ; and the fact that it 
makes many a meal of the active American 
monkeys is sufficient evidence of its prowess. 
It is simply omnivorous in its tastes, and 
will eat anything, from a pig to a porcupine, 
from a horse to a snail. The most interesting 
thing about the puma is the fact that it will 


leopard, an animal restricted to life in the 
trees, where it lives on birds and small ani- 
mals. Seeing that this beast may measure 
as much as six feet, there is reason to be 
thankful that it confines its operations to life 
above the ground. As a terrestrial animal 
it would add another terror to the natives 
of sf)uth-castern Asia, where it finds its home. 

There are many other members of the 
cat tribe among the wild hunters of the 
world. There is the golden cat of the 
Indo-Maliiy area, which has a grey Chinese 
representative ; there is the fishing cat, 
which not only eats the molluscs of Indian 
and Chinese swamps, but will eat sheep, 
dogs, calves, and even young children left 
unguarded. It is but little larger than the 
domesticated cat, but seems to have the 



THIi CHEETAH, WHICH IS USED BY INDIAN I’RINCKS EOR HUNTING 


not, unprovoked, attack man. The ])oint 
was long disputed, but the evidence of many 
men has induced our most serious naturalists 
at last to believe that there is some justifica- 
tion for the old name given to the puma by 
the Spanish settlers. “Friend of the Chris- 
tian,’* and that where pumas abound it is 
safe even for little children to wander. 
Whether the puma will beat off a jaguar which 
seeks to attack a human being has still to 
be proved, though tlu^re are many stories to 
this effect. It is safe to believe, at any 
rate, that anan is not liable to attack from 
jaguars where pumas are, if only for the 
reason that the innate hostility between 
the rival families may induce the puma to 
chase the jaguar from what he chooses to 
consider his own special area. 

The last of the great cats is the clouded 
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ferocity of the genus in concentrated form. 
The leopard-cat, the servals, the tiger- 
cats, the eyra which is the weasel of the cal 
tribe the Egyptian or Kaffir cat, from whirl i 
it is believed the domesticated cats of Europe 
originated — these and others bring up the 
rear of the hunting cats, in which are al.'^o 
included, of course, the wild cats proper, some 
of which still survive in the more remote 
deer-forests of Scotland. The family tree 
closes with the lynxes, a widely distributed 
group, found in Europe, Africa, Asia, and 
.America. I ta habits vary with the locality. 
In Europe it is an expert tree-climber ; in 
Tibet it is quite at home in barren count r\' 
among rocks and open ground. But wherever 
the animal may be found its nature is tiie 
same ; it is sullen, ferocious, rapacious, with 
a delight in slaughter far beyond its needs. 
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The cheetah, or hunting leopard, is m- 
'ludcd among the leopards by some zoo- 
ogists. But it is not a leopard. Tlie higliest 
)pinion refers the animal neither to the cat 
ribe nor the dog tribe, but to a genus of its 

)\vn. The important , 

lilference first no- j 
iced is that the choc- j 
ah cannot draw its ! • 
laws back into their 
ilicaths, as all true 
ats can ; they re- 
iiain partly pro- 
ruded, more after 
:lie fashion of the 
laws of a dog. 

('here are important 
(•aturt'S in n'gard to 
lit‘ teeth, .and tlie 
.iiigular slimness of 
111' body and its 
iiiinense length of 
iinl) give tlie animal 
111 unmistakable out- 
ine. It is common 
I) Africa and India, 
ml in India it is 
amous as a courser, 
t is caught when young, and Iraiiu'd to 
iiirsue and kill game; and Indian princes 
.('(‘p cheetahs for this purpose as i£nglish- 
lu'u keep dogs and 


The buck is caught and thrown and pinned 
by the throat. It is said that for two or 
three hundred yards the cheetah can 
travel at the rate of a mile a minute. 
Should he not catch his quarry within 500 
yards, however, he 
gives up the chase, 
lies down, and waits 
for the cart to come 
along and carry him. 

has been 



CVNX 

he lyiives ;in: wiilcly distri1)iit«*({ oxer ihc Old Worhl and the Ni*w. 
\\ lit’i't'x rr tlu'y ;uc found they ai«* i.ipaciotis iiiiiinals, 

killiiin hii<ls, liatts, sheep, .md oth-r .itiiinals l.iiqi r than llu—*- 
.selvcs in juivaier nninhcr tliaii lin y 


the 


pcjNsdily IK 

animal 
le wi 
one 


•d for food. 


lounds. 

The training is long 
nd difhcult. No 
lu'etah bred in ( ap- 
ivity, it is said, can 
ver be made into 
suct'cssful courser, 
nd lh(' captive is not 
niisidered perfect 
in til full grown. 
Vlien he is to hunt, 
lieciicetali iscarrh'd, 
looded/upon an opini 
art to a spot where 
anic is to be found. 

soon as a buck is 
i^hred, the hood is 
dthdrawn from tlie 
licet all’s head. In a 
Knncnt he sights the 
a me, drops down 
'^nn the cart, and 
‘gins to stalk low 


I 



THK JAGUAR, WlilCII CLIMUS AND SWIMS 
'I'he jamiar, which is pr.nrtirally as furinidahlc in slrcni^lh and 
fciocity as the lion or the li>;i:r, has an ailvanta';e i^vcr hi*!!! in that 
it is a Mipcih iree-climhcr, .as well as a notahiu swimmer. 


nd creeping, as a cat stalks. When the 
uarry gets on the move, however, the 
In etah flings caution to the winds, and 
nnichcs himself like an arrow in pursuit, 
a rule, it i? all over in* 500 yards. 


to the clieetah, wliicli' 
is still holding on 
Iho deer’s throat. 
The beast, at once 
relinquishes his grip 
drink the blood, 
and while he is thus 
engagt'd the hood is 
slipped over liis liead, 
and li(‘ has to wait 
until evening for his 
meal of flesh from 
ho has killed. 

The wild cheetah is very ttMiacioiis of life, 
and one has b(‘cn known to cliargc at 
? astounding speed for 
' 140 yards with a 
* i lu‘avy bullet clean 

through his heart. 
Tliis, howt‘vt‘r, is 
chanu'teristic of all 
the great cats. JJon, 
tiger, and leoi)ar(i 
will charge again and 
^ again with limbs 
smashed, riddled with 
bullets, ('arl llagen- 
IxH'k had two snow 
leopards in iqo6, 
botli of whicli lacked 
a hind foot, torn off in 
some villainous trap. 
But in spite of tlieir 
sufferings the. animals 
survived and bred. 
The great carnivores, 
in the natural state, 
stand m i s u s a g e 
almost as well as 
reptiles, and are as liard to kill, which brings 
us back to tlic tliought witli which we 
opened this cliat)tcr-— the wonder that man 
should over have survived Jiis early com- 
bats with such terrible rivals on the earth. 
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THE PRIMITIVE PEOPLES 

Qualities of the Lower Races of Mankind, and 
the Invasion of Their Territories by Civilisation 


TYPES OF MEN DOOMED TO DISAPPEAR 


W E have gone so far as to assume, witli 
all modern authorities, that the 
human race liad a single origin,* and have 
found reason to place the site of that origin 
ill Asia. The first creature that could 
possibly be called man arose there, and 
hegan to spread in all directions, imjielled 
hv hunger, curiosity, love of adventure — 
tliose same motives which urge the i.ioncer 
;ui<l the traveller to-day. J-lut wherever 
111' went he remained a single species, the 
human species, and to this, in a generous 
spirit, systeniatists have given the name 
of homo sapiens— man the wise. 

We shall grant, then, that all the human 
beings now upon the earth own a single 
.'incestry, and that they all belong to a 
single s[)ecies, homo sapiens, so that, how- 
( ver various its members may be, thov 
are all human, and can all produce off- 
spring with one another -as n^adily, it 
would appear, with extreme inU^rmixtiire 
of race as with none, 'fhis, we may re-, 
member, is one of the classical tests ot 
what is usually understood by a “ species,” 
and on this test all existing men belong to 
one species. 

We have, of course, some title to specu- 
late as to definite human forms in the past, 
and may give them names which assume 
that sapience or wisdom is only a modern 
fuoduct. Thus, we may spt'ak of Homo 
ncanderthalensis, represented by the famous 
Neanderthal skull, or of lIom)primigcniits, 
primitive man, or of a supposed Homo 
alalus, or man betorc speech. Hut what- 
ever these names and speculations may 
lead to, they do not help ns much as re- 
gards existing man, who is now our 
problem. 

He is found all over the world, alike in 
tile tropic zone which bore liis first parent**, 
in temperate and iii polar regions. He 
]>iesents enormous variety of physical 


* >?■ 

form, and of social form and cultut^B. 
The mighty fact called society, and the 
social heritage, rich or jioor, which is 
transmitted from generation to generation, 
outside the realm of the ” germ-plasm,” 
comidicates incalculably the problem of 
the anthropologist. If there were no .such 
thing, and he had simply to deal with 
creatures like animals, whicli are in jiractic- 
ally no degrt‘e social products, then he 
could confidently assign their natural rank 
to the various kinds of men whom he 
surveys. But that is not the problem 
before him. He has to reckon with culture 
and education, and tradition, and institu- 
tions ; he cannot instantly determine, on 
mere inspection, whether an a))])arent 
barbarian may not be siinjily a ” rough 
diamond,” and he may be constantly 
mistaken in individuals, well dressed, fair 
spoken, and elegantly groomed, who turn 
out to lie little more than veiUHTcd savages. 

Neetlless tf) say, thi*re is a slap-dash 
methoil of judgment, mainly depending on 
skin-colour, which wastes no time with 
these n^hncnicnts. If we know what we — 
or, rather, the race-prejudice of which we 
are the slaves — want to beli('ve, oiir dilfi- 
culties arc at an (Mid. Anyone who 
is not just like us is a “ native ” or a 
” foH'igner ” ; anyone wliose skin is more 
liighly pigmented than our own is a 
” nigger ” ; any language w^e do not under- 
stand is a jargon. To the shaven Gretiks 
all other peoples were the bearded, or, in 
Greek, the “ l^arbaroi.” To most of us 
to-day anyone who is not just of our 
pattern is still a barbarian, and all men 
whose civilisation is not modern civilisation 
arc savages. But the time for all that is past. 
Science, which ceases to be science the in- 
stant it entertains a prejudice, has to study 
these facts impartially as it stuclics the 
varieties of atoms ; and its verdicts are 
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frequently in direct opposition to what pre- 
judice or even mere casual inquiry suggests. 

So far, indeed, has the pendulum swung 
since the old days that a new prejudice 
has to . be faced and discountenanced by 
science. Only this year — in 1911 — there 
was held in London a Universal Races 
Congress, in which this new prejudice haei 
a liberal hearing, if, indeed, it did not 
drown the voice of science. It is to be 
spoken of with the utmost respect, for it 
is humane and generous, but it is vain. 
Whereas, on the one hand, men err pro- 
foundly when they seek to dismiss as 
inferior all forms of civilisation or society 
which are different from or simpler than 
their own, yet, on the other hand, the 
view cannot be maintained that, if only 
we would allow for differences of culture 
and opportunity, all races arc equal. It 
is not so. Race is a fact, and the dilferenccs 
between races are facts. These differences 
are more than skin deep. They extend 
into the realm of nerve and mind, and in- 
volve su])eriorily here and inferiority there. 

The Differences of Race which Go Far to 
Explain Race Prejudice 

If this be a fact of science it must be 
accepted, as all such facts must. It goes 
far to explain race-})rejudice, but it offers 
no justification for race- prejudice. It goes 
far to ex[)lain the conflict between races 
and the horrible incidents of such conflict, 
but it offers no justification for the savage 
treatment of savages by civilised jieople. 
We must shar|)ly distinguish, once ancl for 
all, between the scientific statement of 
facts and any judgment upon the moral 
<piestions which those facts arc bound to 
raise. Science, perfectly indifferent to 
the colour of the skin, examines the brain 
of the white man and of the black. It 
finds both brains white, as all brains are, 
and its impartial judgment is in favour 
of the white man’s brain. Religion and 
ethics have to deal with the problems 
involved. They must neither bully science 
to deny what it knows, nor must they 
confound the verdict of science as to what 
is with the question of what ought to be. 

Here we have referred to the races in 
(juestion as primitive, a term which de- 
finitely sugg('sts that they represent an 
earlier stage* of human development than 
the races who do not come into this cate- 
gory. The term will probably remain in 
general use, and it is certainly a better 
term than “ savages,” but there arc serious 
objections to it, as science is now beginning* 
to discover.. 
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In the first place, it is quite certain 
that no existing races arc primitive in the 
sense that they represent primitive man. 
Of that we may be perfectly confident. 
Primitive man, and many stages of de- 
velopment later than his, have gone for 
ever. We need not turn to the low'cst of 
existing races in the hope that w^e shall 
find primitive man before our eyes. 

The Mistaken Impressions of the Mission- 
aries about the Lower Races 

In the second place, there is a fact called 
degeneration, which is j^robably as common 
as any of the major facts of human liistory. 
In older days missionaries always assumed 
degeneration in religious belief. Mission- 
aries were largely the pioneer anthro})o- 
logists, and w'C need not despise their 
efforts. When they found rude peoples 
who believed in many deities, ami whose 
religion w^as to be called polytheism, 
missionaries assumed that this was ;i 
degeneration from an aboriginal mono- 
theism. That view' cannot now be held, 
for the evidence is clear that jx)ly theism 
represents an earlier stage of religious 
belief. But nowadays we are not at all 
so certain that the missionaries w'ere 
entindy wrong. In various parts of the 
world, often in circumstances of more or 
less physical isolation from tlie rest ol 
mankind, as in Papua or Ceylon or Tierra 
del Fm^go, we find human beings w’lui 
seem ruder and lower than any others, 
and w'c promptly label them primitive. 
Commonly tluy arc living in conditions 
of e.xtreme difficulty, near to starvation, 
much exposed to an inclement climate*, 
and unable to do any better for themselves. 

The Real Character of Men Living Apart 
from C*vilisation 

In such circumstances reason and anafcigx 
w'ould suggest that we are dealing, not w illi 
a primitive peoi>le, but a degenerate pcoi)l(‘, 
and that we must therefore be w^ary ol 
drawing conclusions from their condition, 
which may tell us no more of the real 
truth than would an examination witli 
similar assumptions of the slum population 
of one of our great cities. 

In the world of life, descent is at least as 
easy as ascent ; nay, it is far easier. When 
human beings live in dark forests, on 
barren island shores, on sterile soils, near 
the Poles, or otherwise under physical 
conditions of extreme rigour, they are no 
less liable to degenerate than are beings 
of any other living species in parallel 
circumstances. Races of these kinds can 
be studied with interest and profit, so long 




kaffir children at the door of their mud house 
1 lie pictures on these paj^es show types of primitive peoples, but it should always be remembered that no 
existing races are primitive in the sense that they represent primitive man. Nor are the “ primitive ’* 
r ices necessarily degenerate. We mean by primitive races people displaying primitive forms of 
‘^ivilisation and culture, and of such peoples this page gives us three typos, the pictures of Kallirs 
being taken by Mr. Dudley Kidd, whose “ Savage Childhood ” is a delightful book. 
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as any of them remain, but we should not 
call them primitive. They have gone back 
to Nature, but they have gone too far. 

The truth is that Rousseau and his 
followers, entirely destitute of any anthro- 
pological knowledge, have too long misled 
modern men as to the character of those 
who live apart from any form of civilisation, 
with what , that demands and what it 
supplies. The “ noble savage'* who throve 
in a state of Nature before man invented 
civilisation and spoilt everything — this 
delightful being never existed. The argu- 
ment of Rousseau and his school that “ all 
civilisation is a state of social degradation," 
and that " the primeval savage life is the 
state of human simplicity and perfection," 
is as gross and ludicrous a perversion of the 
truth as ever a clever man deceived himself 
with. When we study existing men who 
live under the conditions which Rousseau 
desired, having no property, no laws, no 
government, none of the social inequality 
which he. very rightly, no doubt, denoimceil, 
the last thing we find therewith is human 
happiness and dignity. If natural man . 
has favourable enough conditions, he multi- 
plies, and his multiplication makes civili- 
sation of some sort necessary. 

The Sad Life of the Man of a Savage Race 

If he tries to face Nature in his natural 
state, his nakedness and weakness of body 
being thus unaided by his mind, his life is 
not worth living. As a modern writer has 
forcibly put it, mankind can no more go 
back to Nature now than any one of us 
can return to his mother’s womb. 

These savages, as we may justly call 
them, provided we do not refer to their 
temper — for they are not savage in dis- 
position — are literally degraded, and drag 
on an existence which is scarcely to be 
called human. They arc commonly under- 
sized and emaciated. Their minds seem 
full of superstitious fears and horrors. 
Their incessant problem is how to live and 
find shelter. They arc the prey of innumer- 
able parasites, and become senile in their 
thirties ; and they represent the quality 
of mankind in its naked state of mind and 
of bod3^ for they have no social heritage, and 
thus nothing but the merely ^ysical to 
transmit ter their offspring. Before we 
condemn and despise them, we have to 
decide exactly what we ourselves would 
have amounted to had we been born- and 
reared under such conditions of physical 
rigour, and without the vestige of a culture 
to assimilate. " Self-made " men, in a 
440 


stricter than the usual sense, what reasoi 
should we have had to take pride in ou 
achievement ? 

But above and apart from these race 
of more or' less degraded savages, we fint 
other peoples, in almost all parts of ih 
world, such as the Maoris and the Zulus 
who are still very remote from ourselves 
but who cannot possibly be ranked any 
where near such indigenous races as tin 
Veddahs of Ceylon, or the Ainos of Japan 

The Races of Mea Who must be Studied 
Quickly before they Disappear 

If the word ‘'primitive" is to be use( 
at all, it should be applied to such raci> 
as those to whom w^e are now referring 
They show no signs of degeneracy — until wi 
begin to civilise them, that is to say- 
and though they arc aeons apart from 
" primitive man," they do display primitive 
forms of civilisation, and of culture. Oui 
contact with them modifies their culture, 
and involves their slow, or even rapid, 
extermination. They must therefore In* 
studied quickly, or not at all ; and this 
study must include both physical anthro- 
pology — which is, indeed, of lesser interest 
— and the study of their minds and beliels 
and customs. 

The physical anthropology of such races 
need not long detain us. The general 
conclusions to bo drawn from it arc definih'. 
enough. The main facts of anatomy and 
])hysiology, thus compared in different races 
of men, entirely justify the belief that all 
human beings now extant, whatever may 
be the case as regards extinct forms of man. 
belong to one species. Nevertheless, differ- 
ences in skull- form and so forth are certainlx' 
to be found; and in these respects the 
advantage lies with what w'e call the great 
races, though tlieir inherent and natural 
advantage is mucli less than w^c are too 
commonly inclined to suppose. 

The Effect of Climate and Eavironment on 
the Characteristics of Races 

The recent work of Professor Franz Boas 
in the United States must also be noted in 
this connection, for his study of the children 
of immigrants of various races suggests that 
climate and natural environment modify 
racial characteristics as few had hitherto 
supposed, even to the extent of radicall> 
altering the proportions of the skull, which 
anthropologists have for so ' long been 
disposed to regard as immutable througli- 
out the ages. ^ 

As regards skin-colour, so superficial, 
and therefore so conspicuous and notable, 
and therefore also so insignificant,, the 
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noclern evidence suggests that this race- 
:haracter is profoundly modifiable by 
jnvironment or, to be more precise, by the 
quality and quantity of sunlight. Major 
VV^oodruff, in the United States, has gone 
far to show that skin pigmentation is 
protective, guarding the blood and deeper 
tissues, from the ]X)wcrful action of the 
‘ chemical rays in the sunlight. This 
)iginentation becomes very marked even 
11 the skin of the white man when he is 
•xposed to the tropical sun, and it must be 
ernembered that the white man is only 
datively white, having pigment and 
ligment cells in his skin, and being quite 
listinct from the really white man, who 
s abnormal, anil termed an albino. 

The Study of the Mind of the Primitive 
Races 

Professor Karl Pearson has lately 
ulvanced the theory tliat the white races 
ire an albino “ sport ” derived from the 
)lack, but this view has not found favour 
vith any first-hand students of man. 

When we turn from the pliysiqiie to the 
'isyche of the so-called primitive races, we 
iiid a field ot the deepest interest and 
nstructiveness, which would well acconimo- 
late a thousand times the present number of 
vorkers. Here the missionaries have taught 
IS much, and modern missionarie.s teach us 
nuch more. The cause of purii science and 
mman progress would greatly benefit 
f all who went as missionaries to the 
‘ licathen ” could first receive at least a 
;ear*s training in anthropology and in tlie 
nethods and ]fitfalls in the observation of, 
inch peoples. 

An imjKirtant fact sliould be noted in 
leafing witli the individual psychology of 
)riiTiitive peoples, whicli has led to much 
‘iToncous belief. It is more important than 
my thing we can learn about their bodies, 
mil it must be understood if we are rightly 
o interpret their societies. 

The Degeneration of the Kaffir Boy as He 
Grows Up to Manhood 

Observers have constantly reported that 
he children of lowly races, such as the abori- 
;inal Australian, the now-extinct Tasmanian, 
>r the rapidly multiplying Kaffir, compare 
avourably on all counts with EurojDcan 
liildren. The view that such races are 
uentally inferior has been challenged on 
lie evidence supplied by, say, competitive 
xaminations for ten-year-olds of white 
nd native races. The native children are 
list as intelligent as the white, just as 
harming and curious, and interested and 
‘vely, and lovable. 


The same cannot be said, however, of 
the adult Kaffir as of the Kaffir child. 
Indeed, as Mr. Dudley Kidd and other 
first-hand students have taught us, the 
children of these lower races degenerate at 
puberty. The boys especially^ when they 
become men, degenerate mentally ; and their 
W'hole being anil interests seem to be there- 
after almost wholly confined to the channel 
of sex. This degeneration is much less 
marked in the women. In consequence 
of it, the native child may be the 
equal or the su])erior of the white child, 
but the native adult is inferior. 

These observations raise matters which 
concern us all throughout our lives, as 
inilividuals, as ])arents, and as citizens. 
Here, however, they are to be looked at 
simply from the standjioint of the com- 
parative study of man. They entirely 
consort with the observations which show' 
that adult man everywhere is a degenerate 
form of the boy, physically speaking, as 
the growth of his beard, the changes in his 
voice, the development of his skull, and 
other characteristics testify . In all races this 
degeneration in bodily structure is liable to 
be accompanied by psychical degeneration. 

The Boys of the Lower Races who are 
Brighter and Better than the Men 

It is not only among Kaffirs or among 
the native Australians, unfortunately, that 
the boy is nicer, brighter, more original, 
more sympathetic, more interested, less 
selfish, more generous, quicker in memory 
and invention than the man ; and it is the 
emergence of sex in both cases that makes 
the turning-])oint. In the lower races, sex 
woulil appear to be scarcely transmutable 
by self-control into higlier forms of activity ; 
hence tiie difference. The constant dis- 
appointment of missionaries and educators 
is thus explained. 

If now we turn to estimate these lower 
peoples from the standpoint of their culture, 
we find occasion to revise almost W'holly 
the older estimates. The student of our 
culture — apart from buildings and motor- 
cars and so forth would require to live 
with us and gain our friendship, or, at 
least, lack of suspicion and hostility, 
before his observations could hope to go very 
far. . Similarly, what we see in casual 
observation of primitive peoples on whom 
we have forced ourselves is a mere nothing, 
or, indeed, often wholly misleading. Pro- 
longed inquiry under conditions wliich 
make any inquiry profitable reveals the 
fact that these supposed savages have a 
civilisation or culture of their own, which 
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is worthy of unending study, and often 
worthy of our profound respect. 

For instance, on tlie mere score of com- 
plexity and complete working out of detail, 
the marriage system of the primitive 
Australians surpasses anything we can 
compare with it. It has taken decades of 
continuous study for us to gain any know- 
ledge of it, much more of its meaning and 
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origin. But there it is, with its recognition 
of relationships between individuals, and of 
duties of taboos, privileges, and restrictions, 
so subtle and detailed and rigorous that our 
social system is a chaos by comparison. 
No doubt ours is better, but the present 
point is that we cannot apply the name of 
savages to people who have developed such* 
social institutions as Australian marriage. 
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In certain fundamentals we still have 
everything to learn from primitive peoples 
Though they are by no means living next t( 
Nature, as are the rude races whom we have 
already discussed, yet they arc in man;y 
ways nearer to the perception of essential 
than we can readily be. Thus in such 
matters as the protection of girlhood and 
boyhood, of womanhood and motherhood, 
many primitive peoples have foi 
ages practised what our most 
advanced reformers are still 
hoping to see the dawn of ainon^^ 
ourselves. The Maoris 'or the 
Bantu know nothing of the neglect 
of youth which is part of our 
social practice. The Zulu mother 
is protected ; the unmarried ex- 
pectant mother is given to tiie 
charge ot a young warrior, and 
the guilty father is assegaied. No 
, woman, young or old, is un- 
protected. 

A very natural and human 
. question presents itself to thti 
. inquirer, and with it we must 

• conclude our siirv^ey of these 
people. What is their future ? 

I The ansvver must be, “ It all 
depends.'' If they are brought 
into competition with Maxim guns 
. and repeating rifles, merely 
. “ savage " weapons such as spears 
i are wholly out-savaged. If the 
competition be of a subtler form, 
the primitive peoples still go 
under. Our diseases, and our 
ardent spirits, arc too much for 
them. Very often they are killed 
by kindness -even the missionary 
who persuades them to wear 
European clothes may hasten their 
end. The Bible does not go to 
them alone, and they have no 
chance against our brandy and our 
bacteria. In the case of the 

♦ Tasmanians, it looked as if re- 
moval from their native island, 

, and nothing else, prevented the 
’ race from continuing, just as the 
white man finds in the tropics. 

But there are no inherent reasons wh\' 
these races should disappear. Certain 
primitive Africans, under favourable condi- 
tions, have multiplied to many millions 
in the New World, where not a single negro 
existed until the white man imported them. 
There are some twelve millions of human 
beings whom man has simply made there. 
Though the death-rate is high from narcotics 
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and tuberculosis, the birth-rate is also 
very high. In general, we see that the 
survival of these lower races in the future 
entirely depends on the conditions to which 
they arc exposed. Now that they arc not 
simply to be shot down, they may multiply 
as never before, and where never before ; 
or they may disappear. The African native 
is very far from disappearing, eitlier in 
.South Africa or in America. 

The very lowest existing types 
of man are doomed. Many scanty 
tribes, here and there, each with 
its lesson, cannot long survive 
their discovery by civilised peoples. 

But the African native, especially 
furnishing a very fair sample of a 
primitive people, is certain to con- 
stitute one of the great world- 
problems for many generations to 
come. The verdict of anatomy 
and psychology in this case is 
)jerfectly clear. The negro does 
i)elong to an inferior race. His 
brain ca]xicity is poorer, its con- 
struction siin])ler. His psycholo- 
gical type, on the average, is lower, 
most notably in the mat tors of judg- 
ment and inhibition, or self-control. 

It is in this respect that alcohol, 
and other drugs whicli paralyse 
self-control, are his great enemies. 

If the anthropologist could 
report otherwise, no doubt he 
would. His study of mankind, 
ami his interest in human types, 
tend toward humanity and syin- 
pathy with those whom he studies ; 
and he has no desire to report 
anything which would lead to 
other feelings. But the interests of 
scientilic truth are paramount, 
not merely because truth is truth, 
but because we must know in order 
to control, and because false hopes 
are not worth fostering. Our rela- 
ti(m to the negro must be that of 
a big brotber. Impartial students 
in the United States rej>ort very 
unfavourably on the intlueiice of 
the race of lower psychological 
type upon the less controlled members of 
what is really the higher race. Many of the 
least pleasing features of American civilisa- 
tion seem to be due to this vitiating factor. 
The psychologist will readily credit this 
argument. 

On purely biological grounds, the inter- 
marriage of higher and Tower races is more 
than dubious ; it is to be condemned, at any 


rate, as a general social practice. The inter- 
marriage of races has never yet been clearly 
analysed according to the totally distinct 
groups, in one of which the intermarrying 
races are equal, and in the other of which one 
is inferior. The most sympathetic anthro- 
pologist, who knows the best as well as the 
worst of the primitive peoples, who would 
greatly regret their disappearance, and who 
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desires to see the utmost possible made of 
them, is left no choice by the canons and 
conclusions of his science but to deplore the 
union of higher and lower racial types. 

That, however, will increasingly be the 
problem which the future has to face, and 
which depends upon the survival of lower 
types of man and their contact with the 
makers of the modern world. 





443 


CHILDREN AT SCHOOL IN THE OPEN AH 



More and more it is ])c‘ini*: recognised that half tlie battle of education is physical, and the happie ■ 
results liave followet! the experiments of open-ajr schools. In Sheffield the experiment has been Iru ' 
with the greatest success. The difference Ixjtween life indoors and out of doors is fundamental, an* 
the best ventilated room can never be quite so healthy as the open air itself. 
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CROUP 7 -HEALTH -THE WAY TO BEJiAPPY-WHOLE-AND WELL- CHAPTER 4 


A CEASELESS FLOW OF AIR 

The NaturJ Eneny of Ill-heAllIi which is 
Within Reach of Every Home in the World 

I HK OPEN DOOR AND THE OPEN WINDOW 


SC) much iioiisiMisci luis bcuiu talked 

1 about “ cliaiige of air,” which \isually 
means changes of t;ver\’thing but air, then^ is 
IK) doubt that unless we havtnncc'.ssant cdiange 
of air we die. and tlial is why we breathe. 

\Vc breathe in for one j^iurix^scL and out for 
another, the two btnng totally distinct. We 
i)realhc in so as to help ourstdvc;? to oxygcni. 
and for no other purj)i)se. If that werci the 
wliole of breathing. lluMe would be; little 
dilliculty, for there is phmty of oxygcsi in the 
air, and wc nec;d not fevar b) exhaust it. Thci 
real problems for hc^alth luigin with thc^ 
hieatliiiig out. It is what comet h out cd a 
man that delileth. \\V expire or breathe out 
in order to get rid of poisonous ])roducts of 
our own live-i ; and if wc^ fail to do this 
successfully, wc cx])ir(5 in another sense. 

JCxperiment shows tliat we can do without 
oxygen for a considerab’e jieriod, jn'ovidc^d 
that w(i be allowed to gc;t rid of our rcs])ira- 
tory pt)isons. 'I'lie sym})l()nis of siitioeation 
or asphyxia are symjdoms not of stai vation, 
hut of intoxieat ion. d ims, when we. inhale 
“ laughing-gas,” which ])rcu’c’.its the blood 
trom carrying its oxygen, wc^ do not die. nor 
are wc in danger at all of death, lor the 
“ laughing-gas ” doe-i not interfcire at all 
w itii our getting rid of our jioisons. I f it did 
that, we should die at once, but it only 
dc*j)rivcs us of oxygen for a little, and so wc; 
merely lose consciousness. 

ddiis argument is of vital ini])ortance as 
Jegards ventilation and brc;alhing, and as 
regards food and exercise; and cleanliness. 
Ill these and all other cases it may certainly 
he laid down that the usual risk is that of 
poisoning. The body c'an stand much 
deprivation of all kinds, some deprivaticjii cd 
Jiir, and great deprivation of food, exercise, 
mid light, but it quickly succumbs to poison- 
ing. Life has its reserv'es for emergencies, 
hut if it be not allowed tc^ rid itself cjf its 
^\aste products it is quickly cJicjked, and dies. 


When a room b(;coines stuffy, we suggest 
opening tlie window and letting in a little 
lrc;sh air. Lack of fresh air is the cause of 
our discTomfoi t and hc;adaclie and drowsi- 
lU'ss, we suppose, 'riic fact is cpiite o(hc;r- 
wise. We should spcxik of o|)ening the 
window to lc;l out a little; foul air. So far as 
the oxygmi need is concernc;d. we are no 
whit worse; off in wh.it wc c'all stuffy air than 
in fre^h air. 'riu;rc; is a. little less projiortion 
ot c)xygc;:i in it, but in aiiy case there is more; 
than wc; nc;cd, and our blotxl rc;mains as fully 
saturated with oxygen in aii unventilated 
room as in tlu; open air. It is the jirodiicts 
of our breathing that are prc‘.>ent in the 
stuffy air, and cause our symptoms. 'rh(;\' 
are not symptoms of starvation, but of 
poisoning. W(‘ prefer to speak of lc;tting in 
the liT;sh air, for tliat sounds more e!c;gant 
than lc;tting out the foul air, but the 
(pic;stion in thc*se ]).igc;s is not elc'gaiua;. but 
truth; ancl truth says that wc; have; bc;en 
breathing ovei' and Ov'i;;- again tin; bi;fou'c; 1 
air which our own livc;s have; in;cc;ssarily 
produi:c;d. and that wc must gi;t rid of it. 

Pc;oplc‘ who really undc;istand this get to 
fc;c;l tliat sitting in' an unvc;:itilaU'il room 
and much more slc;c;j)ing in an un\'(;ntilat(;d 
t)(;droom. is dirly, just as not ri;moving tlu; 
sweat from onc;’s skin or not attending to 
other bodily dc;mands is dirty, or just as the. 
Japanese c:onsider that to wash onc;’s body 
in a batli. ancl then lie; in the bath, is dirty. 
'rh(;y prefer frc;sh water afU;r washing 
themselves; inclc;ed. thc:y, and JLastern 
peoples ill general, prefer running water in 
which to wash the outside; of their bodies. 
Just so do wise ])ev)ple prefer running air 
in which to wash the insides of their 
bodies. 

The difference between washing the 
inside of the body by expiration ancl washing 
tlie outside of the body by pers|)iration and 
the use of water is simply a matter of bodily 
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convenience. The two processes are essen- 
tially the same, and some animals, and 
iKiaiiy all ])lants, use the wliole surface of 
their bodies to breathe out by, though we 
use only our lung-surfaces, which are deep 
inside the body. From the point of view of 
Jieallh, expiration and perspiration are bolli 
simply forms of excretion, just as inspiration 
ami eating mIikI drinking are different forms 
ot absorption. 

I'his argument hel])s us in the study of 
ventilation, because it j)re])ares us to realise 
that the air in which we live is constantly 
being soiled, not only by what our lungs 
contribute to it, but also by what our skin 
contributes to it. Lungs and skin alike 
are getting rid of what tlui boily does not 
want, and both are thus spoiling and soiling 
the air. Our clothes must necessarily be 
affected in the process, and soikid clothes 
substantiall\' help to befoul the air. Wlum 
one says soik^d clothes, om; is not thinking 
«d mud or ink or paint or any siu'h thing 
that has reached them from without, but 
the really objectionable dirt that has rcuiched 
them from our ])erspiration. Numerous 
expiM'iments seem to suggest that ventilation 
would 1)(^ far less uigent a matten* if |)eople 
all ke|)l their skins and their clothes scru- 
pulously clean. 

How our Personal Habits Affect the Ques- 
tion of Housing and Sanitatio.i 

'riie great tM* ])art of the offensi\'eness 
and the injury to health which distinguish 
crowds of jx'ople. indoors and out of 
(k/ors. in this pait of the world would 
disaj)])ear if they wv're as clean, as rcjgards 
skin and clothes, as the |a])anese are. A 
Japanesi* crowd is (|iiite odourkiss, for this 
reason, but the expired air of a Japanese 
crowd is exactly the same as that of a crowtl 
in an hjiglish simu. I'h(‘ gases found in the 
air ()1 an uiuiMitilateil room will (rxperi- 
mentalh' caiisi' sym])toms of faintness, 
headache, sickness, fatigiu*, and so forth. 
Hut if tlu^ experiments be made with the 
gases found in tixpired air thus not includ- 
ing those ])roduced by skin and cltithes — 
these symptoms are much diminished, and 
indeed can often not be ])roduced at all, so 
long as sullicient oxygen be su])plied. 

riiese recent results of science are of much 
more than merely theoretical importance. 
They |)rove, to a degree never formerly 
suspected, that the problem of ventilation, 
of hygienic architecture and housing, is 
largely complicated with, and modilied by, 
the problem of ])ersonal cleanliness. In 
short, ventilation is not merely a problem 
of air supply ; it is .scarcely less a problem 
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of soap and water; and the air of a house 
kept ])ure not only by the open window, but 
also by the bath, the tub, and the laun(lr\. 

However, we are not yet by any means 
ready to tackle this gigantic tiUKiamentiil 
prol)Iem of ventilation, which .sounds s ) 
simple, and is so often in.soluble ; hut when 
we do come to it, whether on the printer 1 
])age or in Hie railway carriage or churcli 
or bedroom, wt‘ must always realise, in 
future, that ordinary cleanliness is ])art t)f it, 
just as exj)iration is iLself an act of clean- 
lin(‘ss. We must realise that internal ainl 
(‘.xlernal cleanliness are parts of mie whole, 
and can never safely be divorced. 

The Importance of Washing in Flowing 
Water and Breathing in Flowing Air 

.M(‘an while, w(‘ liav(‘. some more lirsi 
j)rinci])les awaiting oiir atlimtion lhon!L;li 
none' of more im])oiianee than those 
which tixich ns that to enter, say, a third- 
rate' mnsic-hall at “half-time” is feir all 
praedical purposes, and ein all scieMitilK 
grounds, just as ek'an and jih'-isaiU an act 
as entering a bath in which half a de)zeii 
pe‘e)ple‘ have* alnaely waslied th('mselv(s. 
Of the* twe), the bath, ])ro\’ide*el one kept 
e)ne‘’s month shut, weuild e*(‘rlainly be nuu'li 
k‘ss elange'rons, for neine* eif the dirt would 
i‘nt(‘r e)n(‘’s bodx'. 

'rile' elirt in the* air of the modi'rn musie- 
liall, air into whiedi so man\' |)e()j)l(‘ have 
b(‘en washing the' inside's of tluMr hexlic'' 
and tlu'ir skins and their elothe'S, can pariK’ 
.be' lilte'red 1>\’ oih'’s nose', but much of it 
ine'vitably e'ute'rs the' bexly. 'I bis is neit ve i \ 
jde'asant reaeling ; but half the' duty '>1 
the' teache'r e)t lu*alth is tei sheiw })ce)jde' how 
disgusting -il they eiiiK' knew are maii\ 
of the' things tlie'v ele), anel then tlu'v do 
the'in lie) nn)re'. W'e' must elisgnst pe‘e)pl« 
abeint the' cemipeisitie)]! of stre'e't-dnst, loi 
instane'e', or tlu'v will ceintimie* te) trad 
their skirts in il, anel buy milk anel meat 
that have' be'cn expeise'd tei it. The' write r 
ajK)Ie)gise‘s, therefe)re, but he will persist. 

The Only Kind of Night Air which is to be 
Feared 

Anel ne)w for the' next princi])lc of lu'altli 
anel bre'atli, it bedng agreeel that e)iie 
shoukl wash in Ikiwing water and brexith'- 
in tleiwing air. We sec that, in tlii'' 
part e)f the world at any rate, where tlie i'' 
are no aerial inst'cts outsiele to inoculate’ 
disease, we should open our bedroeim 
window at night. Neit to do so is i!> 
expose nursed ve^'S to the only kind of night 
air which is to be fcarcel- -that which wc 
make ourselves in our own bedroom^- 
Our fathers and mothers used to shut 
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their windows in order to ki'ep out the 
ilan/^M'rous ni^ht air: \\(' an* to open our 
windows in order to let it onl. it matters 
li‘ss that windows should he siint so loiptj as 
looms are not inhabited, thoiii^h doubtless 
th('\' art* better «)pen. It is when we li\'e in a 
room that the window re([uires to lx* open. 
1 he eommon ))raetiee is to “ air tin* room ” 
when no oik* is doiiii^ tin* air an\' harm. I)ut 
to elost* th(* window n\ hen we enter the room 
and proceed to sj)oil its air. No one would 
ivall\' lollow this absurd custom if tin* 
princi|)les of tin* subject were understood. 
We do not run the water throu.^h tin* bath 
when it is not bein^^ used, but we slnmld 
run it tliroutfh the bath icJu’ii it is 

I*y opening' our windows we obtain air, 
and avoid tlu* [)rocess of partial sulfocation 
t" which W’(* should otherwisi be subjected, 
but wx* are ]K)w^ bc'^iunin^ to discover 
that, though fresh air is a very good thing, 
it is l>y no means tlu* .same as oj)(*n air. 

At first one is aj)t to think that fresh air 
‘tnd open air are the same thing, but flie 
two terms should never be used synony- 
rnously. ()p(Mi air is doubtless fresh air, 
hilt fresh air is not alw ays open air. “ Tube 
‘til* is, on the whole, remarkably fr(*sh, 
‘tud it sustains life w’ithout substantial 


imiiK'diate in jnr\' e\'(‘n to thosi*who breathe 
it all tla\'. 'fin* air of a modc'rn coal-mine is 
also wonderliilly fresh, or that ol a mod(*rn 
hospital, but hoik* of tlu'st* is op(‘n air. 

This ma\- sound like a mere (jnibble, but 
it is a vi'Vy serious matter, 'fin* |U(‘Sent 
writer will ne\'er forget the h'Sson taught 
him bv a patient who had been li\ing in 
the op(’n air on tin* balcon\' of a hosj»ital 
pa\'ilion for some weeks, and was brought 
into th(* ward foi tfie pnrj)ose of a sj)eeial 
(‘xamination of his ehesl. ■ He ('omplained 
bitterlv of the ail', and his t(‘m|)(‘rat nre 
actualK' ln’gan to rise, but to e\er\()ne 
(*lse, inelnding young athletic students 
much accustomed to the oj)en air, tin* ah 
of the ward was- p(*rfirtly fn'sh and pure. 
No chemist could ha\'e d('tect(‘d an\’ dil- 
fen*nce in its com|)osilion. Indeed, it was 
th(* very same air which had, a moment 
befon* i*ntering the ward, been jiassing 
across the balcony. 

'fliis was no isolated case, 'fhe t‘\perience 
of recent. \’ears has taught us that tlu* open 
air has virtues of its own which enclosed 
air, how('ver rapidly it be changed, can 
never ho|)e to poss(*ss. Whc*n people who 
Runain ill in fr(*sh air are mad<*, t(j live in tlu* 
open air they often get w(*ll. When children 
who have i)ined and be(*n put down for 
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stupid in well- ventilated classrooms ar« 
sent to an open-air school they often 
become healthy and vigorous and attentive 
and intelligent. There is something in the 
open air — what the French call the “ full 
air and the “ great ** air — which cannot be 
imitated under any artificial conditions 
whatever. 

The fact must be stated, because it is so 
important for health, and because it is 
bound ere long to influence our town- 
planning and x)ur schools and our houses, 
and, indeed, half the habits of the com- 
munity. lint it would take too long for us 
to follow all the experiments and arguments 
by which it has ])een sought to explain 
wherein lies the difference between open air 
and mere fresh air. Here we can note only 
two or three points. Jiacli of them is pro- 
bably an important part of the whole truth, 
and has plenty of guidance for the wise. 

Life in the open air is supiTior to living 
in any (‘iiclosed space, however well 
ventilated, because any enclosed space is 
constantly apt to become an infected space. 
It is part of the inevitable nature of all 
living things to vitiate tlu'ir surroundings; 
if they an? to keep themselves pure, they 
have no choice in the matter. 

The Differeace betweea Fresh Air in the 
House' and the Open Air Outside 

Directly we cncam[), whether in tlu‘ virgin 
forest or in a house, we do a risky thing. 
Floor, walls, roof, furniture, carpet, hang- 
ings, all become' possible and probable 
sites for harbouring infectious organisms, 
which we ourselv('s, in our goings and 
comings, are c('rtain to provide. At the 
very best, we can only hope to maintain, 
indoors, conditions juactically as good as 
those out of doors by tlu' incessant prac'tice 
of cleanliness. To admit the o[)en air is 
vastly iin|)ortant- indeed, it is essential ; 
and if we do so freely eiumgh we may 
boast we live in fresh air indeed. Hut the 
fact remains that the fresh air, however 
fast it flows, is flowing through and over 
all manner of surfaces which involve some 
measure of danger to health. Therefore, 
though the air be one and the .same inside 
and outside, to live inside and to live out- 
side arc not j^ractically the same thing. 

In so far as this argument is sound, the 
moral of it pimply reiterates the moral of 
our discussion of excretion by the lungs and 
by the skin. We must keep our homes, and 
oiir.j^laces of business and amusement — 
in short, everywhere that is not completely 
out of doors — cleaner than ever. Once^ 
more the problems of air and of ventilation 
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are Tound to be all mixed up with the 
problems of cleanliness. 

This point demands the most insistent 
and often-repeated statement. A park is 
presented to a city, and we use such phrases 
as “ another lung for London.” Parks are 
splendid things, but they do no good as 
‘‘ lungs,” except to the people who at any 
given moment arc in them. The dirty 
houses, with closed or with open windows, 
dark and dank, harbouring all manner of 
infection, from countless past cases of 
infectious disease — these, which look upon 
the park in question, are just as insanitary 
as ever they were. 

The Tiny. UAventilated Bedroom which Killed 
Grace Darling after her Life by the Ssa 

There is a fallacy in the minds of the public 
and politicians and social reformers in this 
respect. Parks let us have? by all m?aiis. 
and a garden, as large as you like, for ever\ - 
one’s house, hut they will not save or 
prolong a single lih* if people do not live in 
them, (irace J lading spent half her life, 01 
two-thirds of it, in the ojx'n sea air of tli(' 
Northuml)rian coast, which far surpasses 
that of any citv park, hut she sj)ent the 
remaining third of Ikt life in a tiny, unventi- 
lated hi'droom, and she died of consump- 
tion. Just so arc hundreds of thousands of 
people now dying in onr cities, while oiir 
parks and open sj)aces can do no more for 
th(‘m than tla? glorious night air of tlu‘ 
North Sea could do for (irace Darling wheii 
she was in her bedroom. Ikirks are splendid 
f<yr the things that liv'e in them — for their 
grass and trees all the tinu', and for j)e()ple 
-how much of the time ? 

Now for the second reason why open air 
beats mere fresh air. it is simply that open 
air means, on the average*, far more light 
than fresh air. We know too little yet of the 
intluencc of light on human health and 
dcvelojuuent. It is to he remembered that 
there is much m)re in Hf^ht than meets the eye 
— rays invisible, but none the less potent. 

How the Sun, pouring in through the Window, 
Drives away the Microbes 

So obscure is this subject, and so ver\ 
much neglected hitherto, that it is doubtful 
whether our knowledge of it w^ould fill a 
single article of this section, though it 
very likely that the real importance of it 
fpr health would entitle it to half a dozen. 
At any rate, what evidence we have suggests 
that the visible and invisible forms of solar 
radiation powerfully affect the body in 
many ways, and that their effects maki- 
for health, by their action on the skin 
their absorption by the blood, and their 
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stimulation of the eye, and their further 
stimulation, through the eye, of respiration. 

But even if the direct influence of light 
upon the body were nil, its influence upon 
health would remain incalculable, because of 
its destructive effect upon microbes. The 
jre rms of disease cannot face the light ; and 
one of the greatest differences between 
living in enclosed air, however fresh, and 
living in the open air, is that the open air and 
the surface of the ground under it are so free 
from microbes, because of the antiseptic 
action of light. If this be added to the direct 
action of light on our bodies, the two facts, 
taken together, constitute an enormous 
liygienic advantage for life in the open air. 

The Stimulating Effect of a Walk in the 
Rushing Wind 

A third reason why open air is best is 
simtily that it is much more in motion. \Vc 
are apt to fear draughts, but few of us fear 
the motion of the open air. The breeze, the 
rushing wind, thcsi; not only mak(‘ for health 
hy their direct i)rodnction of “ change of 
air,” blowing away our exj)ired breath, but 
also by their stimulating (‘ffect ut)on the 
body. There is reason to believe that much 

our health depends ui.)()n processes which 
are started through stimulation of the skin. 
All these new-fangled treatments by friction 
and massage and vibration, and also the 
fashionable bathing and rough towelling, 
owe tlieir virtues in cliief degree to their 
stimulation of the skin. Now, that is what 
tli<' o])en air almost always does, exce])t 
upon the very stillest tlay. It is, indecid, the 
second Ix'st stimulant in the world — second 
only to sunlight itself. 

Its stimulant action is very readily seen 
when we find ourselves inclined to move 
about in the open air, as we generally do. 
It persuades us to take a brisk walk, or to 
run, or play. We thus are inveigled into 
taking exercise, and (exercise combines with 
tlui stimulant action of sunlight upon our 
l)reathing to make that vital process deeper 
and more complete. 

The Precious Qualities of the Open Air 
which eao never be Reproduced Indoors 

The students of this subject arc agreed, 
on all these grounds, that the open air is 
Jiot only the best air, but that it is, and 
always will be, inevitably superior to any- 
Ibing else. Air may be filtered, moistened, 
Scouted, warmed or cooled, ozonised, elec- 
trified — ^what you will — and thereafter 
pumped, in the fullest quantities, into any 
kinil of building. It will never rival the open 
^ir, and now we know why. It used to be 
said, before the days of exact and critical 
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science, that the air lost some ** vital 
principle ” by such processes, and that 
because it was thus “devitalised” it 
proved inferior for life and health. 

We how know that this is inaccurate. 
Air contains no “vital principle,” in any 
sense of the wijrds, except oxygen, and any 
air contains more than enough o.xygen for 
the maintenance of life. Tlic only occasion 
on which to speak accurately of air as de- 
vitalised would be when all the living 
microbes in it had been filtered away or 
killed. Such ” devitalised air ” would be 
the best for our vitality. But, as w^e have 
proved, it is profoundly true that no 
artificial processes can ever reproduce in- 
doors, wdiethcr in a palace or a hovel, a 
scientific laboratory or an Eskimo Imt, the 
qualities of tlie open air. 

To the ])olicy of tlic open window, which 
our age has lately adoi)ted, there must 
therefore be added the policy of the ojxui 
door. Man is the master of Nature, Imt 
only on her terms. Therii arc limits which wc 
cannot transcend; and though wc ])retcn(l 
to ourselves and each otluT that we can, 
Nhiturc is not mocked. The imiciue ami 
irreprotluciblc value of living in the oix'ii air 
is a case in j)oint. No further advice need 
he given to the reader than to remind him, 
in the most pointed and ])ersonal manner, 
that a word to the wise is siiflicitmt. 

The Policy of the Open Door and the Big 
Window 

It has to l)C admitted tliat we cannot 
possibly spend all our time out of doors, 
and tiuil the hygienist must do his best in 
advising liow most safely we may live in- 
doors. His first duty is to insist on the 
policy of the open door, and protest that 
nothing else can take i^s place. Thereafter 
he must argue tor the open window, of 
course, by night and by clay, and for the 
making of windows as large as possible, 
in orcler that, whether they be open or 
shut, they may admit the light. Glass, by 
the way, absorbs certain- rays of sunlight 
which are probably most valuable for health, 
so that the open air lias the advantage 
again, unless glass be alxAisIicd altogether. 

For the rest, we must do what we can 
in the way of ventilation. Ten years ago, 
the hygienist would have written with 
enthusiasm on this subject ; the present 
writer did so himself. To-clay one feels 
ratlier differently. The text-books are full 
of descriptions of the various modes of 
ventilation — natural ventilation, such as 
the open window, and artificial ventilation 
by the vacuum system, which sucks the 
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foul air out, and the plenum system, which 
pumps the fresh air in. These questions 
concern us all from the point of vnew of 
public health and the proper consti action 
of cities and buildings. They do not come 
into the j)rcsent discussion, however, for 
here we are concerned only with j^ersonal 
hygiene, with our own health and conduct. 

Why we Should Always Open the Window 
when we have a Fire 

Most of us have to live where we can, and 
to enter what buildings wc must, and the 
problem for us is to do the best we can in 
the circumstances. We have some control 
over the arrangement of our own homes, 
and for that we are responsible to ourselves 
and to those who depend or will depend 
111)011 us. 

The policy of the open window must be 
not merely preached or acquiesced in, but 
practised, by day and by night. Common 
sense suggests that we shall obtain more 
comfort if wc open the window at the top. 
Some people like to open the lower sash, and 
insert an obstructive prop beneath it, so 
that the air can only enter in an upward 
direction, between the two sashes. This is 
not worth doing, for the air does not main- 
tain its upward direction after entering the 
room. The atrocious sandbags of the 
last generation will find no place in our 
houses. (bi no account will we ever close 
our chimneys, for they arc most valuable 
adjuncts to vCiitilation. When the tire 
is burning it is reckoned that air passes up 
the chimney at the rate of about three feet 
p'er second, and this must, of course, be 
replaced in the room by the entry of fresh 
air from without. But even when the 
lire is not burning, as in summer, the 
chimney is a valuable outlet shaft, and 
should never be obstructed by the useless 
lid builders still provide, nor by any 
kind of decoration. Any room that has no 
chimney should be looked upon with 
extreme suspicion by all who love health, 
and it is not good to use such rooms as bed- 
rooms if this can possibly be avoided. 

A Favlt in the Factory Laws that Must be 
Attended to 

If we are sensitive to draughts, it is not 
difficult to remember that the draughts in a 
room run from the window to the fireplace, 
and from 'iha door to the fireplace, as a 
rule. These routes can be avoided if one 
fears lumbago or has an unprotected scalp. 

The mere size of a room is of little import- 
ance if there be no ventilation. There is 
all the difference in the world betw^een 
cubic feet of space and cubic feet of air, 
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though, unfortunately, the factory laws 
recognise the one but not the other. 
If the cubic feet of space do not have their 
content of air sufficiently rapidly replaced, 
one is no better off, after a short time, in a 
big room than in a small room. The largest 
bedrooms of a palace are not nearly largi 
e.K);:;di for the needs of a single sleeper 
throughout the night if the air be not 
chaired. 

This i.' a most important matter for the 
public hc.ilth officer and the hygienic 
legislator, but it also concerns us here in 
one way. 'fhough the size of rooms or 
public buildings constantly leads us to 
suppose that ventilation is less necessary, 
and though that is simply not the cas(\ 
yet size has one advantage. It does at least 
mean that the e\'er-necessary ventilation 
may occur with much less need for drauglits. 
Obviously, to ventilate, say, a tunnel or 
drain-pipe will involve more draught than 
to ventilate the Albert Hall, badly as that 
needs to be — and is — ventilated. There- 
fore, while not relaxing the policy of llie 
open window— it is better to be a “ fre.di-air 
fiend ” than a “ foul-air fiend one should 
try to keep one’s rooms as large as possible, 
by an exceedingly simple device, whicli 
also greatly serves cleanliness, diminislii;s 
dust, and thus, in these ways also, serve.i 
the cause of pure air. 

The Folly of Keeping Air out of a House 
by Useless Furniture 

This device is simply the avoidance of all 
kinds of unnecessary and useless furnituni. 
After all, there are many other ways in 
which one can demonstrate, or simulate, 
the possession of ample means, and this is 
a particularly foolish one. People who over- 
load their rooms with furniture deliberatt ly 
make their rooms smaller, for they necis- 
sarily reduce the capacity of the room. 
Those who have not made the measun*- 
nients would be astonished to realise wliat 
j)roj)ortion of the cubic capacity of an ovt-r- 
furnished or even a moderately furnished 
room is obliterated by furniture. The aii' 
that enters is necessarily restricted in its 
course, perhaps has no choice but to make a 
narrow dash for the fireplace from the 
window, and then wc complain that the 
room is draughty if the windows are open«‘d. 
Add to this the effect of dust and dirt, and 
the number of dark places, andwc can s(n‘n 
realise why unusedt drawing-rooms, and 
show rooms in general, are so unpleasni.i; 
to live in, when the rare attempt is ma le. 
and tend soon to become entirely useless 
— except as breeding-grounds for infection. 
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The good housewife is a great enemy of 
dirt and infection, and her passion for 
cleanliness is certainly a cardinal part of 
godliness, if by godliness we mean the 
religion of health and happiness and use- 
fulness for self and others. But she is 
tempted, as we all arc, to make a show, 
and here she defeats her own ends. She 
likes things sweet and clean and wholesome, 


and make her life a burden, bcsitlcs 
keeping her far too much from pursuing the 
best policy of all from every point of view 
that matters in the long run. 

That best policy is the policy of the open 
door. When all is said and done, and when 
we have made our homes as hj^gienic — and 
beautiful «and tlistinguisheil - as we can. 
the open air remains unrivalled. We 
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and she hates dust and dirt. If she would 
nnly carry these principles out thoroughly, 
would avoid a great many things which 
prides herself upon — her unused show- 
‘‘^'nn, her unnecessary furniture, her white 
^^nitains — which little dispose her toward 
windows — and all manner of hangings 
and rugs and what not which make for 
darkness, collect dust, impede ventilation. 


should learn to work in it, play in it, cat in 
it, be lai^y in it, sleep in it, far more than we 
do in this country, our much abused climate 
notwithstanding. The “ open air schools ” 
which have appeared in the last few years, 
and done such wonders already, presage 
a revolution in our national practice, and the 
general adoption, not as a fad, but as 
common sense, of the policy ot the open door. 
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GROUP 8 - POWER • THE STORY OF MAN’S HELPERS- CHAPTER 4 


NEW FIELDS OF KNOWLEDGE 

A Talk with the Successor to Sir Isaac Newton, whose 
Discoveries may Increase the Powers of Mankind 

THE MAN WHO CHANGED THE WORLD’S IDEAS 


poR the last fourteen years many of the 
best men of science in every civilised 
country have been attracted to tlie Caven- 
ilish Laboratory at Cambridge. They have 
come to study under a Manchester man. 
Sir J. J. Thomson, who has entirely revo- 
lutionised the fundamental science of the 
structure of matter. I remember s]:)eaking 
to a French physicist early in 1898, a few 
months after Professor Thomson had 
lectured at the Royal Institution. 

“ If you know nothing about physical 
science,” said my friend, ” you arc in a 
better position than I am, who have given 
my life to it. For you have nothing now 
to unlearn, and you can start without a 
handicap.** 

So tremendous was the cluinge of ideas 
produced by Sir J. J. Thoms()n*s dis- 
coveries that men of science had practically 
to go to school again and learn afresh 
the elements of physical knowledge. This 
\'as why English and Colonial and foreign 
slmlents began to crowd into the Cavendish 
Laboratory. At the present day nearly 
e\’ery professor of physics in America is a 
])upil of Thomson’s ; the chief physicist in 
h'rance is a Cavendish man ; and so are 
many of the best of the younger men in 
L 11 rope. 

The laboratory was built in 1874 by the 
Duke of Devonshire, a relative of the 
famous man of science Henry Cavendish, 
f lerk Maxwell, who developed many of 
I’araday’s ideas on electricity, was tlie first 
f a\’cndish professor of experimental physics. 
He was succeeded by Lord Rayleigh, the 
^liscoverer of argon ; and when Rayleigh 
I'ctired, in 1884, Sir J. J. Thomson w^as 
El(‘{'ted to the professorship. Thomson 
^vas then only twenty-eight years of age, 
ind his appointment was regarded as a 
scandal. “ Things have come to a pretty 
pass in the University,” a well-known 


Cambridge don then said, ” when a mere 
boy is made a professor.” 

But the men wlio were responsible for 
the election of “ J. J.” — to refer to Sir 
Joseph by the abbreviation now used over 
all the world - knew the wortli of the young 
man whom they had apj)ointed. Born 
near Manchester in 1855, l’<^ studied at 
Owens College under Balfour Stewart, and 
when he came up to Cambridge, in 1876,110 
quickly distinguished himself by his talent 
for mathematics. His first pupils were 
Mr. Austen Chamberlain and Sir Eldon 
(iorst. One of these -J. J, would not say 
which — absolutely loathed mathematics, 
and his young tutor tried in vain to get him 
interested in the mistress of all the sciences. 
But one evening they were playing billiards 
together; and the professor —who a few 
months ago delivered at the Royal In- 
stitution a delightful lecture on the mathe- 
matics of a golf-ball — combined science and 
play with his recalcitrant pupil. For he 
showed him how^ the action of a billiard-ball 
was determined by mathematical laws, and 
the undergraduate at once became pas- 
sionately interested in the science. 

Sir Joseph’s charmingly human qualities 
have made him as great as a teacher as he 
is as a discoverer. Instead of working alone 
at the laboratory, he invites his students 
to collaborate with him. They thus receive 
a magnificent training. Already one of 
them. Professor Rutherford, of Manchester 
University, is as famous .as his master, and 
his laboratory is now a school of research, 
which looks as if it may eclipse the Caven- 
dish. Three times in seven years the 
Cavendish has produced w'orkers who have 
won the Nobel Prize in science : their names 
are Lord Rayleigh, Sir J. J. Thomson, and 
Professor Rutherford. 

The laboratory at Cambridge has grown 
into a large and important building. The 
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first extension was opened in 1896, and the 
second in 1908. The cost was partly 
defrayed by “ J. J.,*' who gave £4,000 
which he had saved out of the students* 
fees paid to him ; and £5,000 was given by 
Lord Rayleigh out of his Nobel Pri;fe. The 
building is in the late Gothic style, and, 
except for the new Rayleigh wing, which 
retains much of its pristine whiteness of 
stone, the laboratory now looks as old and 
mediicval from the outside as the most 
ancient of Cambridge colleges. The in- 
terior, however, is strangely modern. One 
large room is as un poetic as a factory. 


Indeed it is a factory, full of whirling 
wheels, lathes, and busy mechanics. Most of 
the instruments used in the laboratory are 
made in this workshop. Man^ of them are 
stran^^e and intricate inventions, designed 
by Sir J. J. Thomson and his fellow- 
workers ; and two skilled instrument- 
makers are constantly employed in building 
novel machines. 

There is enough practical inventive 
genius in the laboratory to start many new 
industries, but it is all devoted to the 
se'arch of pure science. It is the object of 
experimental physics to discover new 
things by means of actual experiment. 
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Even the best of theories is regarded as of 
secondary importance. Much of the work 
of the laboratory thus depends on the very 
highest inventive skill, for it is necessary 
constantly to devise instruments for doing 
something which no man has yet done. 

A few days ago I went to the laboratory 
to ask Sir J. J. Thomson a question arising 
from one of his recent lectures. He had 
pointed out that we needed more science in 
I>ractical affairs, and he gave as an instance 
the heavy cost of producing light by the 
means now used. We s]iend probably 
about twenty million pounds a year in 


lighting our streets, our buildings, and oni 
homes, and of this sum abotU eighteen million 
pounds is wasted in producing heat. All tlie 
artificial light we manufacture might cost 
only about two hundred thousand pounds 
if we had a practical luminescent lamp in 
which energy was used in creating a heatle^^s 
light. The fire-fly and the glow-worm an 
able to produce light without heat ; and s< • 
can Sir J. J. -Thomson, to some extent, b> 
means of a tube emptied of air and lighli 'i 
with an electric current, and a rarefied ga^ 
This tube is generally called a cathode tuln . 
and the rays it produces are called catho<k‘ 
rays. I wanted to ask Sir Joseph if it was 
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netallic surface is the worst of all radiators 
ikely that by this means a cheap, practical, 
lid heatless light could soon be produced. 

It was lunch- time when I entered the 
;il)oratory, and there was nobody about the 
luilding, and I walked downstairs into the 
iiitlcrground rooms without seeing any- 
)()dy. At last I saw in the corner of one of 
ho vaults a middle-aged man, carelessly 
liosscd, and looking like one of the work- 
hop staff, sitting under a window. He 
MIS examining some photographic plates, 
Liid making calculations on a piece of paper. 
;<) absorbed was ^ 

10 that he did not | 
lotice me even i 
N lien I approached * 
lie table, though ? 

11 y footsteps 
olioed in an 
liar m i n g way 
hrough the long 
:anlts. 

However. I 
aiew it was “ 
and I stood 
.ilont for at least 
L (piarter of an 
lour; naturally, 1 
lid not want to 
in^ak in on his 
Nork. So I merely 
vatched him. He 
ooks somewhat 
)lder than he 
( ally is, for his 
ace is now decpls’ 
i 110(1 and worn 
vilh thought. He 
s short - sighted, 

)ut instead of 
isinghis sj)ectacles 
K‘ pushed them on 
lis forehead. 

^Vhen one’s eyes 
uv short-sighted 
dioy magnify at a 
diort distance, and I could sec that Sir 
I<»Miph was using his eyes as microscopes 
in examining the photographic plates, 
'suddenly he started up, his face bright en- 
and he exclaimed aloud : 

y One, seven ! That is very good ! 

Then I guessed what he was working at. 
^“ine months ago he gave a lecture at the 
H'>yal Institution which provoked the 
idiniration and concern of every man of 
<'!ence throughout the world. Employing 
llie wonderful vacuum tube? with which he 
h^td made his early discoveries^ he .recently 


found out a new way of analysing, elements, 
and in a short time he was able to obtain on 
a photographic plate the actual evidence 
of hundreds of new substances. Men are 
busy in every important laboratory repeat- 
ing his experiments, and it is now beyond 
dispute that he is revolutionising the science 
of chemistry, just as he revolutionised the 
science of physics. 

His explanation gave me the opportunity 
of introducing myself. “ One, seven 
meant 1*7, which was the atomic weight of 
the new substance he had just traced ; and I 

asked him if he 
had found any 
more substances 
with the weight of 
i’5 — the lowest 
figure, after that 
of hydrogen, which 
he hadgiv^enin his 
address. He looked 
up, with a .smile, 
and answered me, 
and gav^e me a 
stool to .sit on, and 
at once engaged in 
conversation. 

1 lere, so far as 1 
can remember it, 
is the substance of 
our talk. 

“If I woke up 
one morning,” said 
Sir Jos e p h J . 
Thomson, “ and 
found that the 
(^arth had swung 
out of her course, 
and the sun tlid n(3t 
rise, I should be 
less amazed than I 
was over the dis- 
covery that the 
atom was breaking 
up. A disturbance 
of the earth might 
be a local accident in the solar system ; 
the breaking up of the atom meant that 
our view of the foundation of the entire 
universe had been suddenly overturned.” 

He was not referring to his own work — ■ 
he will never do that unless under compul- 
sion — but to the discoveries in regard to 
radium in which his pupil Professor 
Rutherford took so important a part. His 
w’ords reminded me of Rutherford’s sugges- 
tion, that if a proper detonator could be 
discovered, a wave of atomic explosion 
might be started through all .matter which 
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would transmute the whole mass of the globe, 
andl eave but a wrack of light gas behind. The 
suggestion was only put forward in play, but 
it shows what a terrific source of power 
man may gain in the future from the new 
knowledge born in the Cavendish Laboratory. 
We are only waiting now for a man of science 
to discover the means of slowly drawing on 
the energy stored up and enclosed in every 
atom of matter. Hydrogen, for example, is 


one of the lightest elements 
very little fund of force 
when compared with ra- 
di\iin. A litre of hydrogen 
weighs less than a gram, or 
sometliing under 15 grains. 

“ Yet,” Sir Josejfii ])ointed 
out, “ there is more than 
seven times the heat of five 
tons of coal in tlie energy 
stored u|^ in a single gram 
of liydrogen.” I asked him 
if any progress had yet l)een 
achievx'd in making tlie 
electric energy in the atom 
available for use. 

“ No,” he replied ; ” we 
have made experiments 
here for some years- -just 
as other men of science 
have done in other labora- 
tories — but nothing has 
been found out. It is abso- 
lutely impossible to foretell 
anything about the matter. 
At present the thing seems 
impossible — but it may be 
done to-morrow it maybe 
done a thousand years 
hence — man may j^erish off 
the earth, and it may ne\’ei 
be done.” 

Then I brought up the 
question about ])roducing 
light without heat, but 


it possesses a 



again practical iuven- liimiii hot i»r o»m for tv>tiii>-foiir lu 


tion has still to wait on IhooiiKT.'rn'h.-L../'.! 
science. “There is neon, tho “ w.iii • of the vao 

*ii *1* tiicsi! silvcrtfil 

the new gas in the air. dis- aii coaaitio.is pi 
covered by Sir William, fUsk losm 

Ramsay,” said .Sir J. J. Tliomson, “ which 
produces a clear and beautiful radiance, but 
it is so rare and so costly to extract that 
it is a light* h^r millionaires. We must be 
content at present with an electric lamp with 
the new wire-drawn filament.” 

He said, however, that if the colour of the 
mercury lamj!) could be improved, that would 
be by far the best light-giver. It is created iil 
a cathode tube containing vaporised mercury. 
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iiiaik* of two Very tliiii .ulass Ju>llh-s, one within 
the other, ;itKl the MIl^acc^ of tliese hollies, formin;; 
the “ wall of the \acuuiii, are silvered. 'I'lie air 
between these silvereil surfaces is e.xhaiisteil, and 
all these condilhnis pre\eiit the contents of the 
fl.isk losing their hc.it. 


Then the talk turned on the connectio; 
between science and industry. It is a lament 
able state of things that much of the fin 
scientific work done in Great Britain h;i 
Ixicn neglected by our manufacturers, tliougi 
it has been sei;jed upon abroad, and made im 
tlie foundation of important new industries 
Sir J . J . Thomson adduced the recent instant 
of the Thermos flask. In order to maketh 
vacuum in his tubes as perfect as possible 
he employs liquid air. If kept in an opc 

vessel, liquid air is lik 

water in a saucepan boiliiij 
over afire ; and the-tronbl 
is that it cannot be n: 
tained in a closed ve.sscl 
for its vapour pressnr 
becomes enormousi 
gieat as heat enters fron 
surrounding objects ant 
the tem])eratnre rises. A 
ortlinary lem]ieratures ii< 
\'essi;l can withstand tli 
intiM'iial pressure ‘of li(piii 
air. Thus e.xperiments witl 
litjnid air were not practic 
alile until Sir James Dew.i 
invented the double flask 
now known everywher 
to all men of science a 
the J.)cwar vessel. 

There arc three ways ii 
which heat passes froii 
one place to another Iv 
conduction, when lua 
flows troni one part of tli 
body tf) antither, or Iron 
two bodies in contact ; b; 
conv^eclion, when air 
vvater, heated by contac 
with a hot body, ri^e 
througli the colder fliii< 
around it, carrying hi*a 
with it ; and by radiation 
.1 I -in-s THINGS iioT passes direct b 

IKisk i:u.ibli!s us to kt-t-p fooil or * . 

t III >. four hours. It is Iroiu oiic bocly to anotlici 
from the sun to tu. 
, arc silvered. I he air carlli, witliout wamiiug t ll' 
lit the coiiicnis of the the intervening mediuin 
The effects of these thn i 
modes of transference of heat are reduci t 
to a minimum by the Dewar vessel. In lii 
first invention Sir James Dewar made ; 
double-walled" glass tube, and exhaustn 
the air between the two walls of gUi'^^ 
This arrangement so lessened the transtir 
cncc of heat that when liquid air was plact t 
within the inner glass it evaporated at onl.^ 
one-fifth of the ordinary rate. An additiona 
device completed the invention. A polish ct 
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metallic surface is the worst of all radiators 
and the worst absorber of radiation, and 
Sir James Dewar coated the inner wall of 
liis vacuum vessel with a film of silver or 
mercury. By this means he reduced tlie 
evaporation of liquid air to a sixth part. 
The combined results of the vacuum and the 
silvering therefore reduced the rate of loss of 
liquid air to the thirtieth 
part of the amount lost 
in a n op e n vessel. 

Tiitil the invention of the 
Dewar vessel, liquid air 
could not be kept for 
any length of time, and 
liquid hydrogen could 
not be collected at all. 

It enabled Sir James 
Dewar to liquefy hydro- 
j;en and display it at his 
lectures at the Royal 
Institution. 

Now, these lectures 
excited popular atten- 
tion ; they were reported 
in all the principal news- 
papers, and the wonders 
of liquid air became a 
toj)ic of general dis- 
course. Explanations of 
the invention of the 
Dewar vessel were com- 
mon, and yet there was 
not a single man in 
I treat Britain interested 
in its industrial uses. 

Although the dis- 
covery was made in 
l^-ngland, said Sir 
Joseph Thomson, “ jio 
1-nglish manufacturer 
was intelligent enough 
h) take it up, but left it 
to another nation to 
make it the basis of an 
important trade. The 
I herrnos flask is only an 
application of what has 
heen well known for 
^onie years to every 
nian of science as the Dewar vessel.” 

The great scientific centres of England are 
like deep lakes lying in a land which is 
perishing for want of water. There is no 
Jingation work, so to speak, between our 
•‘Scientific centres and our centres of industry. 

“ Things are certainly improving now,” 
said Sir Joseph, ” but Englishmen still 
remain very lazy in mind. I^erhaps our 
^Jiicf manufacturers are suffering from too 
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much wealth. The business descends from 
father to son, leaving the .son richer than 
the father, with the result that he is too 
well satisfied with his inheritance to use his 
mtelhgence in improving it. I know one 
firm m America that .spends about twenty 
thousand pounds ayear on scientific research. 
And it must pay. 1 have never heard of 
an industrial firm going 
back to the old way after 
having engaged a man 
of science to direct its 
work, (ierman manu- 
facturers and Anu'rican 
captains of industry 
make more u.se of their 
men of science than the 
English do ; they con- 
sult them in serious diffi- 
culties and on ev'ery pro- 
blem of importance.” 

J- J- Thomson, 
however, said that he 
must cfinfe.ss that he is 
not chiefly interested in 
the a p pi i c a t i o n s of 
science. That is not his 
province. He has niore 
joy in finding knowledge 
than in making any com- 
mercial u.se of it ; and in 
order to devote himself 
entirely to the .search 
after pure knowledge;, he 
is bound to leave to 
others the profit of 
making use of scientific 
discoverie.s. Lessing long 
.since said that if (lod 
offered him the whole 
truth in one hand, and 
the .s(*arch for truth in 
the other hand, he would 
take the si*arch for truth. 

“ That is it,” said the 
professor. ” 1 dan; say 
if all 1 am searching after 
were in a textbook, I 
should lose interest in 
it. It is the spirit of 
the chase that leads us on. The; modern 
man of scitnice has in him a good deal of 
the primitive hunter.” 

This disinterestedness .of the man. of 
science is often a great advantage to the 
practical inventors who follow — afar off — ^ 
down the trail that he blazes in new regions 

of knowledge. It is very doubtful, for 

in.stance, if wireless telegraphy would so 
swiftly have become a general success if the 
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SIR JAMJiS DEWAR EXPERIMENTING 
'rhe clouIiIf-lUtsk, invenlctl by .Sir jaiiiu.s Di-w.it, :i?i( 
known to all iiu:n of science as the ‘Dewar vessel, is r 
<l<iiihle-walleil t>la.ss tube with the air rcniovtil froii 
bciween the w.alls. It was the fMrcriiiuuT of the 'I'I um nio; 
flask. AiaKnijib the Dewar vesst;! was known to Kn'.'lisl 
men of s»-ii:nce for years, it was left to anolber nation ti 
give this I’ritisli iik-a a gieat coiiiiiicrcial \aliie. 

I’ertr.iit by Messrs. l-i.ulelK: .V Vouin£ 


AN INVENTOR OF THE EARLY WORLD 



In this picture, Lord Leighton depicted Daedalus making ready, with his son Icarus, for their 
from Crete. Though the story of Daedalus is mythical, the recent discoveries of wonderful palac < > 
prove that there must have been a master-craftsman in Crete, contemporary with Egypt in its greatne^*^, 
and it is supposed that ancient civilisation owed to Daedalus the invention of the wedge, the axe, tiie. 

sails of ships, and other implements. 
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little band of men who first experimented 
with electrical waves had patented every 
discovery they made. The first magnetic 
detector was used by Professor Rutherford 
ill the Cavendish Laboratory. Marconi now 
( iiiploys, I fancy, a similar detector, but I 
do not know if Professor Rutherford receives 
any patent royalties. As a rule, men of 
science are not concerned about patent 
lights ; they want to advance, not their 
private fortunes, but the knowledge and 
the general welfare of the race. 

Sir J. J. Thomson took up, early in his 
career as a physicist, the apparently trivial 
|)roblem of sending a current of electricity 
through a gas. He worked on it, with 
little results of large importance, from i88j 
to 1897. He was very near success in 1894. 
lUit now the study of 
the passage of electricity 
through gases has led to 
iirw ideas of matter and 
electricity. It has brought 
about the development of 
lh(‘ new theory of moving 
bodies ; it has produced 
the discoveries of Kdntgen 
rays and radio-active sub- 
sl ances. Sir J oseph Thom- 
son’s discovery seems to 
have been as great a sur- 
prise to him as it was 
to everybody else. He 
thought that when a gas 
became charged with elec- 
tricity it would be seen 
tiiat the electric charge 
w as carried on very small 
particles of gas. He 
reckoned that the particle 
would be very minute, and 
that a molecule of the gas would be split up 
into electrified atoms. The experiment was 
JiKide with a certain kind of glass tube, like 
tluit with which Professor Rontgen i)roduccd 
the wonderful Rontgen rays. Across the 
glass tube vSir J. J. Thomson sent a ray 
l‘>i ined, he thought, of atoms of gas charged 
with negative electricity. On each side of 
die tube were placed electro-magnets. 
NVhen these magnets were working, they 
deflected the ray — dragging it out of its 
^baight course through the tube, somewhat 
an ordinary magnet would interfere with 
die swing of a small piece of iron hung and 
ung fairly close to it. 

“ My idea,*' he said, “ was that some of 
flic molecules were split into two atoms, one 
which was positively electrified, and the 
<>lher negatively electrified. I± was some 


time before I had any suspicion that the rayS 
were anything but charged atoms. My first 
doubts arose when I measured the extent to 
which the rays were deflected by^a magnet. 
The deflections were far greater than if the 
particles had a mass approaching that of 
hydrogen atoms — the smallest mass then 
known." 

The particles were, in fact, afterwards 
measured, and it was found that they were 
about a thousand times smaller than the 
hydrogen atom. That, perhaps, will not 
convey any clear idea of their actual size, so 
let us use an image. Suppose a drop of 
water were magnified to the size of the earth. 
It would then be possible to distinguish the 
molecules of which it was composed. The 
molecule is made up of atoms. Now 
suppose, again, that we 
could magnify the atom 
to the size of a large 
room, then the particles 
which Sir J. J. Thomson 
tliscovercd woiiUl look like 
specks of dust spinning 
inside the room. The par- 
ticles are called corpuscles 
by Sir Josopli, and other 
names by other men of 
sc i (Mice. 

'i'hc ]m)fessor has a 
fc)iuln(*ss for the term 
" corpuscles," because it 
was us(‘d by Sir Isaac 
Newton in a tlicory of 
light which was afterwTirds 
abandont‘d. ('orpuscles are 
the fundamental stuff of 
which all matter is com- 
]>ose(l., I'hey consist of a 
tiny charge of negative 
electricity; they are pure electricity, with 
no nucleus of ordinary inattcT in the middle* 
of them. In the technical phrase, they are 
electric stresses in the ether, and they 
seem to get their substance through drag- 
ging .some of the ether along with them 
as they move. 

Ether is a medium stretching from world 
to world, and running through every form 
of matter. You would think, then, that it 
would be very much lighter than anything 
wc know ; but, as a matter of fact, the 
ether attached to a corpuscle is reckoned by 
Six J. J. Thomson to be 2000 million times 
heavier than lead ! Matter is composed of 
holes in the ether. At least, that is the 
impression I got when Sir Joseph Thomson 
was trying to make me understand the 
subject. I gave it up when I learnt that a 
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l'liutugr.iiih by M.iull ^ h'ux 



HARMSWORTH POPULAR SCIENCE 


corpuscle increases its mass — that is to say, 
the ether attracted to it — when it moves at 
the same velocity as light. All the firmament 
of heaven and the furniture of the earth 
seemed to me to be turning into a ghostly 
pliantasmagoria of frail whirls of electricity, 
and wc turned to the structure of the atom. 

“ Suppose we take a number of corks,** lie 
said, using an old illustration, and thrust 
through the middle of each of them a 
magnetic needle, with its negative pole out- 
wards. If these corks float together on the 
surface of the water, they repel ca*ch other. 
That is what the corpuscles do, because they 
are all charges of negative electricity. If, 
however, we were to place a powerful 
magnet above the corks, with its positive 
pole turned to their negative ]:)oles, it would 
attract all the corks. They would be drawn 
towards the common centre by the big magnet 
above them, and at the same time they 
would be repelled from the centre by their 
mutual re]>ulsion. Under the influences cj 
the two forces they w(nild settle down into 
a stable arrangement. The arrangc'inent 
would vary according to the number of the 
corks. Now, an atom consists not only of 
negative corpuscles, but also of a larger 
charge of ])()sitivc electricity, which we call 
the positive electron. This acts in regard 
to the corpuscles in somewhat the same way 
as the positive ])()le of the big magnet 
in regard to the negative pole of the corks.** 

The Discovery of the Electron which Illumines 
the Problem of Matter 

This positive electron is another of Sir 
J. J. Thomson*s remarkable discoveries. It 
is about a thousand times larger than the 
corpuscles, and about ccpial in size to the 
atom of hydrogen. Unlike the corks in the 
water, the corpuscles are in continual atul 
swift motion. The atom is a sort of little 
solar system. The gieat positive electron is 
like the sun, and the corpuscles are like the 
smaller planets, and they revolve very 
rapidly in their orbits. The atom docs not 
usually split up, because the forces of repul- 
sion between the corpuscles arc slightly out- 
balanced by the force of attraction between 
the positive electric charge of the electron 
and the negative charges of the corpuscles. 

This new and wonderful view of the 
structure of the atom illuminates the 
greatest problem in modern physics — the 
problem of the strange rays emitted by 
radium and other radio-active matter. 
Radium, as is now well known, is an element 
which is slowly discomposing into lead. The 
rays are now regarded as portions of an atom 
ejected as a result of the collapse of the 
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atomic structure. The instability whicl 
brings about the explosion is supposed t< 
be due to a slow but constant loss o 
energy. This loss of energy falls on tin 
corpuscles, which are whirling in closec 
orbits within the atom. When the speec 
with which a corpuscle is whirling i: 
diminished, the extent of its orbit is alsc 
lessened ; so there is a sudden change ii 
the structure of the atom. The tiny uni 
verse is destroyed, and arranged in i 
different way, and some corpuscles an 
thrown out in the form of rays, togethe 
with other electrical discharges. This con 
stitutes radio-activity. 

Do the Common Elements Give Off Rays as 
Rarer Elements Do f 

It has been thought that if commo: 
elements were studied with sufficiently fiin 
instruments, they would also be found l( 
be emitting rays. For some years tin 
workers in the Cavendish Laboratory lu‘Ic 
to the view that every kind of matter gav( 
out rays, and many of these rays have beei 
detected. Many other men of scienct* 
however, do not agree with the Cavcndisl 
view. The trouble is that in a number o 
metals the ray seems so short-lived that il: 
existence cannot be demonstrated, and ii 
the absence of decisive experiment tlit 
matter remains in suspense. 

In the meantime Sir J. J. Thomson ha? 
gone on exj)loring n(^w fields of knowledge 
Having settled the business of the negativt 
corpuscle, he has attacked the large positive 
electron. He has not yet found out any 
thing more about it, but he has not givei 
up hope. Tlie last by-product of hii 
researches into the subject has alrcad\ 
created a new branch of science. It was 01 
this that he was engaged when I found him 

An Instrument a Million Million Times more 
Exact than the Spectroscope 

Up to last April the spectroscope was the 
finest instrument of analysis that a chemist 
possessed. If, after vainly trying all otlici 
tests, he wished to know of what sonu 
mixed substance was made, he burnt it am' 
converted it into gas, and directed a ra\ 
of the gas against a prism of glass. Thii- 
prism broke the light up. into a band ol 
colours streaked with dark lines ; and b> 
examining the lines and the colours tlu 
chemist was able to tell to sonxe extent <>1 
what the burnt substance was compose* 1 . 
Sir J. J. Thomson*s instrument is 01 u 
million million times more exact than tht 
spectroscope. It detects chemical com- 
binations which exist only in that part of a 
second which compares to a second as a 



'NATURAL LIGHT IN OCEAN DEPTHS 



J \ , 


Millions of money could be saved if men could master the secret of these phosphorescent ^hes, 
vhich illumine the depths of the ocean with a glow compared to the illumination of a city. , 1 hese 
ishes produce light without heat, but most of the energy which men use in making light runs away in heat. 
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second compares to a year. Thus it shows 
the steps by which chemical combinations 
are brought about, and it promises to throw 
a flood of new light on the ultimate problems 
of chemistry. 

The marvellous cathode tube which has 
been Sir J. J. Thomson’s chief instrument 
of research for the last nineteen years is 
shown on page 463. Tlic glass part of the 
tube consists of two tubes connected by a 
glass globe. It is fixed high upon a stand, 
and attached to it arc an air-pump and 
other ingenious devices lor maintaining a 
high vacuum in the tube. On each side of 
the tube are electro- magnets, and inside the 
tube is a curious aluminium rod. This rod 
is the cathode. When a current of electricity 
is sent into the tube at a point called the 
anode, it strikes against an opposite point, 
which is termed the cathode. When the 
tube through which the electricity passes 
contains some rarefied gas, a cathode ray is 
produced ; and it was tliroiigh examining 
these cathode rays that Sir J. J. Thomson 
found that the gas had been split up into 
minute corpuscles of negative electricity. 
When the cathode ray strikes against the 
glass of the tube it is changed into the 
X-ray that Rontgeii discovered. 

New Forms of Matter Discovered at the very 
Moment of their Birth 

In ordinary cathode nays, there is only 
negative electricity. Tn order to examine 
the ])articlcs of gas carried on a charge of 
positive electricity, the cathode has to be 
altered. A tiny channel is bored through it, 
and the ray that comes through this 
channel is called the positive ray. The 
ray is made uj) of electrified particles of 
the gas which has been admitted into the 
tube. It strikes against a photographic 
plate at the far end of the tube and im- 
prints on the plate a curious lot of dark 
curves. These curves arc the new positive 
ray spectra, and by means of them it is 
easy to calculate the weight of the sub- 
stances through which the current of 
electricity has passed. It appears that the 
commonest gas can be broken up and 
transformed into strange new substances by 
passing a current of electricity through it. 
A large unknown and important field of 
knowledge has thus suddenly been opened 
up, and SirJ. J. Thomson is now busy 
devising finer instniments for analysing the 
numerous new forms of matter whi^ he 
has been able to discover at the very 
moment of their birth. 

Sir Joseph told me that inspiration often 
comes to him when he is not thinking 
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about the matter. “It is born of han 
work," he said to me; “ but somehow, whei 
the conscious intellect has done its best an( 
got no result, a part of the mind seems t( 
go on working without our knowing it.” 

This part of the mind that goes 01 
working out an idea when the intellect i: 
at rest is called the subliminal conscious 
ness. It is on its richness and powers tha 
the genius of a man seems to depend 
Perhaps “ J. J.’s ” subliminal consciousness 
will one day enable him to solve the suprem< 
mystery in physical science. 

The Hope that the Supreme Mystery of 
Gravitation may be Solved 

Two hundred years have gone since 
Newton formed a theory of the uni versa 
attraction of material bodies, and gave us i 
sublime view of the universe governed by on< 
tremendous law. Since that time, however 
gravitation has remained totally uncoii 
nected with any other branch of knowledge 
and no one has been able to throw any ligli 
whatever on it. All bodies attract oiu 
another in j)roportion to their masses, am 
inversely to the sciuare of their distances 
That is all we knew about gravitation unti 
Sir J. J. Thomson’s experiments definite!) 
proved that matter was a form of electricity 

For fourteen years and more Sir Josej)! 
has been ])uzzling over the mystery o 
gravity, and he is now not without souk 
hope of solving it. I'his is how he explaiiiec 
to me the new theory of gravitation. 

' ” Every atom consists of a ])ositivi 
charge of electricity — the positive electron 
and a varying number of cluirges of negati\'t 
electricity — tlie corjniscles. There is ])rol) 
ably a little balance of attractive clectrica 
force left over in eoch atom, and pcrha})j 
this little balance of attraction is the ex 
planation of the mystery of gravitation.” 

Will the Tremendous Problem of Gravitntion 
he Solved T 

The point is difficult to convey to any 
one unacquainted with the principles ol 
electricity, but we shall all understaiu 
something about it if Professor Thomsoi 
succeeds in an experiment. He has for years 
he confesses, been dreaming of making tlii.‘ 
experiment. There is some reason for think 
ing that, though the negative corpuscle is ; 
thousand times smaller than the positivt 
electron, it is equal in w^eight ; and “ J. J- 
intends to try to weigh them. The experi 
ment is enormously difficult, and every 
body else in the laboratory seems to thint 
that it is impossible ; and even the professoi 
himself does not yet see clearly the way h 
carry it out. But this is how he wil 
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probably attempt it. He will use a cathode 
tube, and send a positive electron along a 
line a metre in length. Then he will send a 
negative corpuscle along the same line. If 
liis theory is correct, the force of gravitation 
will make the positive electron incline 
downwards somewhat less than a thousandth 
of an inch in the distance of a mile, while 
the drop fora negative corpuscle, under the 
influence of gravity, will be one thousand 
time's as great — one ten- thousandth of a 
millimetre in a distance of one metre. 

To revert to the image already used: if 
<i drop of water were magnified to the size 


tube about a hundred feet long would be 
necessary to make the experiment in a 
practical way, and such a tube probably 
could never be made. 

Sir J. J. Thomson, however, thinks that 
he can do it over the distance of a metre — 
which is little more than a yard. He has 
discovered a means of winding a positive or 
negative ray round and round a straight 
line, in close coils, so that the ray at last 
somewhat resembles a lightly wound spring. 
He does this by catching hold of the ray 
with a magnet, and winding it round and 
round in closely j)ack(‘d rings. By using 



THE CHIEF INSTRUMENT OF PROFESSOR THOMSON’S RliSEARCll AT CAMHRlIXiE 


Sir J. J. Thomson, who hashccii irallfil the successor of Sir Isaac Newton, not without jiistifiralion, has drawn the attention of scientific men 
all over the world to his famous laboratory at Cambridge. JTofessor Thoinsoii’s iliscoverieshave (-hani;cil the wr>rld's id<-as ahoul matter. 


of the earth so that the molecules could be 
seen, the distance between the line taken by 
the positive electron and the curve made by 
the negative corpuscle would be about as 
large as that between two molecules. It is 
impossible to imagine an instrument being 
invented to measure so marvellously small 
a difference as this, especially in an electrical 
experiment where there arc so many chances 
of disturbances being created from the 
outside, each of which would more than 
counteract the effect of gravity on the little 
negative corpuscle. One well-known Cam- 
bridge man has calculated that a vacuum 


these rings he hopes to.be able so to econo- 
mise space as to conduct the experiment on 
gravity inside a cathode tube of little more 
than the ordinaty size. The difficulty with 
outside disturbances will still be very great, 
for naturally only an exceedingly small 
current of electricity will be used. It may 
be years before Sir J. J. Thomson gets 
over these difficulties . and attempts the 
experiment. But if the experiment is made, 
and is successful, there will be only one great 
secret left for man still to dream over — the 
secret of the origin and qualities of life. 
The material universe will be an open book. 
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DRIVEN FROM HIS PLACE IN THE SUF 



It IS a terrible truth that in this proud country, where child life is supposed to be precious, 50,000 littK' 
toys not over fifteen years old are sent down our mines every day. Between 6000 and yoro of them 
are only thirteen, and about eighty are killed every year. It is hoped Parliament will soon be callc<l 
upon to save these toys from the life of the mine, and bring them back to their place in the sun. 
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BRITAIN’S BLACK DIAMONDS 

The Great Traffic in the Sunshine of the Ancient 
World upon which Modern Britain is Based 

COAL, THE BURIED TREASURE OF A NATION 


T iik sensational im]X'ius felt by industry 
and commerce during the last century, 
an impetus unparalleled in the history of the 
world, had its origin in new applications of 
force through the use of machinery. The 
three principal factors in that ei^och-making 
development have been the perfecting ot 
steel as the prime material for machinery ; 
the working of coal to })rovide ])ower in the 
form of heat ; and the unexampled resj)onse 
from human invention, as these new instru- 
ments of progress came gradually into play. 

We have pictured the i)art taken in this 
great jjractical drama by the mast(*r- 
material st(xd, and we must now show 
how coal, scarcely known two hundred 
years ago as one of the world's sui)r(*me 
sources of energy and wealth, has contri- 
buted to the industrial revolution, and has 
])laced three nations — Great Britain, the 
United States, and Germany — far ahead of 
the rest of the world, in positions that make 
old-time conquests by arms apijear hxxil 
and paltry. 

Doubtless a time will come when the use 
of coal for jjower-producing purposes, 
through its transformation into heat, will 
he superseded. The earth has greater 
reservoirs of power than all its accessible 
coal-beds, and the needs of mankind will 
stimulate invention till these reservoirs are 
utilised. Thus such stupendous power as is 
latent in universal attraction, and seen 
familiarly in the tides, will be harnessed 
and controlled. But for the moment coal 
reigns supreme, as it has reigned for nearly 
a hundred years, and will reign perhai)S for 
another hundred years. In the main, it 
provides the strength that moves the world's 
machinery, as steel provides the material 
for that machinery. Even when electricity 
supplies the immediate working power, coal 
usually takes its part, a stage farther back, 
in the production of that electricity. This, 


too, will doubtless b(^ altere<l ; but when 
coal is no longer the chief agent in the pro- 
duction of power, either in the form of heat 
or of electricity, an enormous range of uses 
will remain for its chemical transformations, 
and this giant, now besmirched and mal- 
odorous, will come to be regarded as a fairy 
magician, whose wand calls forth all the 
colours, sc(‘nts, and essences of a ch‘aner life. 

What is coal ? 'I lie answer is not so 
simple as the casual observer would expect. 
We know that coal is “ buried sunshine " — 
th(^ fossil of enormous fern- trees which 
drank in the sunlight pouring down upon a 
manless world, aiul now gives the sunshine 
back to us in the form of lire ; but that is 
not enough. Large sums of money have 
been spent on law without a conclusive 
detinition being arrived at, for the word 
“ coal " covers a wide varitdy of earth-held 
substances that may be used as fuel. It 
has no standard chemical com[)osition. 
Coal is a rock, composed chiefly of carbon, 
anti formed fiom vegetable matter, capable 
of being bnrneil as a fuel, and when so 
burned ])roducing, in varying degrees, heat 
and light. 

The varying composition of coal depends 
j)artly on what it was formed of — that is, 
the nahire of its vegetable basis ; anti 
l)artly on where and Ikjw it was formed — 
that is, on such conditions as place, lime, 
pressure, and the influences of heat and of 
chemical change. This great variety in 
composition enables coal to be |)ut to a wide 
range of uses, and prevents any one form 
of the substance from being regarded as 
most typical, because most valuable. One 
kind is best for one purpose and another for 
another purpose, and excellence in quality 
is not absolute, but comparative, according 
to the particular use that is desired. 

Broad classifications of the different sorts 
of coal depend chiefly on the proportion ot 
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carbon each contains. Thus, fuels may be 
arranged by their carbon-wealth in the 
following ascending scale ; Wood, 50 per 
( (Mit. of carbon ; peat, 52 to 60 per cent. ; 
lignite and brown coal, from 55 to 67 per 
rent ; cannel, from 80 to 85 per rent. ; humic 
( )!• bituminous coal, from 80 to 92 per cent. ; 
anlhracite, Irom 93 to 97 per cent. Above 
this the substance becomes gra])hite, or 
almost pure carbon, and is unburnable. 
riiese different kinds of coal, with from 60 
to ()5 per cent, of carbon, are graded imper- 
ceptibly into each other by the conditions 
under which they have been formed, the 
central group of the series being the humic 
or so-called bituminous coal, of which 
English North-country house-coal is typical. 

The SttbstaAces in the Earth that Make 
Up Coal 

l^esidcs carbon, coal contains hydrogen, 
oxygen, nitrogen, sulphur, and other con- 
stituents in small proportions, but these 
associated ingredients decrease as carbon 
increases. It would be a mistake, however, 
to regard coal as a substance passing regu- 
larly from wood or vegetable debris to peat, 
from peat to lignite (coal with a woody 
structure), from lignite to brown coal (with 
the woody structure obliterated), from 
brown coal to cannel (coal that lights easily 
and flares), from the cannel to the humic, 
and from the humic to the anthracite 
variety —in which an intrusion of molten 
rocks has driven off nearly all the volatile 
(leinents by its h(‘at. These gradations 
occur, here and there, under varying con 
ditions of formation, but not as a n'gulaiiy 
arranged siupience. TIk! ])assage from 
lignite to brown coal may be observed, for 
instance, in (iermany, and from humic to 
anthracite coal in South Wales, but no- 
where has the depositing of the vegetable 
substance been so ordered in cpiality, and 
lollowed by such pressures, and sucli proxi- 
mities of internal heat, as to form in scciuencc 
all the newer c(ials, down to the seams that 
liave been subjected in some places to more 
drastic chemical changes. 

The Qualities of the Various Kiads of Coal 
Fouad ia the World 

It is necessary to take a survey of the coal- 
seams of the world, and to imagine varying 
1 >’pes of vegetation laid down under differing 
c onditions, subject to greater or less stresses, 
^uid to incidental rather than universal 
ehcmical reactions, if we are to classify 
‘fuly the various kinds of coal. 

Lignites are not found in considerable 
'luantitics in Great Britain, but they, form 


the greater part of the output of Austria, 
and about three per cent, of that of Ger- 
many. Cannel is so called because it 
flames into a torch like a candle. It is 
bright and smooth, sometimes crackles 
and splits, j)rodiices ]>araftin, and is excel- 
lent for gas-making. Often it occurs in 
conjunction with humic coal. Ifumic or 
bituminous coal varies widely in its com- 
position, grading into Iwown coal on the 
one hand, and int(^ antliracite, or stone 
coal on the other hand. It is the most 
generally usable variety for steam, gas, 
and household purposes. The name 
“ bituminous was given to it because 
it sometimes “ runs,*’ and has a bituminous 
appearance, though there is no bitumen 
in it. It lights readily, whereas anthracite 
is difficult to light, though giving great 
heat when started. Anthracite contains 
so little volatile matter as to be almost 
smokeless. The coal called “ smokeless ” 
supplied by South Wales to tlie Navy is 
an anthracite with hmnic (jualities, or a low 
carbon-})ower for an anthracite, so that it 
combines heating capacitv with compara- 
tively reatly ignition and little smoke. 

How Coal is Distributed Throughout the 
World 

The earth’s coal-beds — laid down with a 
marv'cllous regularity in levi‘l strata, almost 
unmix(xl with casual intrusions oi other 
matter, though the seams, v'arying in thick- 
ness from l(‘ss than an inch to sixty h'ct, 
are much broken by “ faults ” where they 
have snapped and dropi)e(l - -are found 
associated with, and surroundcid by, beds 
of sandstone, clay, and limestone. No- 
where are they the doininant rocks. 
The so-call(‘(l carboniferous system of 
geologv, bet.w('en tlic new red sandstone 
above and the old red sandstone below, 
is a huge belt of the earth’s crust streaked 
hen*, and there with comparatively slcndiir 
layers of coal. For e.\am])le, the richest 
coal measun*s in Great I^ritain, those of 
South Wales, are 8,000 feet in thickness, 
and the aggregate of the many coal-seams 
running through them is only 200 feet, 
or one-fortieth of the whole. 

Tliis is an instance of richness in coal ; but 
coal in some of its forms is found, in traces, 
from its formation going on to-day in 
lakes, estuaries, swamps, and bogs, down 
to the Silurian period, which marks, in 
the far-off past, the margin of its recog- 
nisable existence. 

Coal is distributed throughout all the 
continents, but with much irregularity. 
In Europe it is worked in the United 
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Here 'k a pictnre-clia>;raiii of a coal-mine “ with the lid off,” showing what the pits and workings arc 
really like. The black slanting lines mark the coal-seams, and roadways lead to these from the shafts. 
A constant circulation of pure air is maintained underground, either by a furnace at the bottom of one 
shaft, causing warm air to rise, or by a pump at the top, which sucks the bad air oat of the mine througl* 
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special ventilating shaft. A quarter of a million cubic feet of air pass through the shafts of some 
inines every minute. A single pair of shafts will serve thousands of acres of workings. Some- 
times an underground passage is a mile long, and one mine near Newcastle has fifty miles of passages 
—nlty miles of walks, that is, through prehistoric forests which grew before man came on the earth. 
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Kingdom, Germany, France, Belgium, 
Austria, Russia, and Spain. In Asia, 
Japan, India, and China have an increasing 
trade. Africa has some mines. I'hc coal 
measures pass by the Malayan Archipelago 
to Australia and New Zealand, and on to 
South America, while the United States 
hold the world’s largest supply. The 
Dominion of Canada has coal in the east 
and the west, and the Polar regions have a 
surface coal that allured speculators. 

The Source of Modcro Power that the 
Ancient World Knew Nothing About 

If wc regard fifteen million tons per 
year as a large aggregate of production, 
the following countries must be mentioned : 
The United States, 390 millions ; the 
United Kingdom, 263 millions ; Germany, 
148 ; Austria, 49 ; France, 37 ; Russia, 
25 ; Belgium, 23 ; and J apan, 15. India, 
Canada, and New South Wales follow. 
These are the returns for the year 1909, 
issued in 

This enormous output of coal, lU'ar all 
the busy industrial centres of llu' world, 
to run mankind’s machinery, and th(» trains 
and the ships that exchange the produc- 
tions of ev(‘ry race and climate, is (piite a 
new thing. The ancient world did not 
know of coal, and had no j)ractical use 
for it. About 2000 years ago the Britons 
knew the use of coal, ami the Romans 
learned it from them. The Anglo-Saxons 
used coal for domestic purposes, and 
England ap])ears to be the lirst country 
in which it is unmistakably mentioned in 
writing, the Saxon Chronicle being the 
recording manuscript. England, too, Jiolds 
the historical record for beginning tlie 
working of tlie mineral a charter granted 
in 1259, by Henry 111 ., to the inhabitants 
of Newcastle to dig coal in their Castle 
fields. But for hundreds of years after 
that the use of coal was regartled - 
in London, at any rate — as a superfluity, 
an offence, and a danger to the jmblic 
health, to be prohibited when Parliament 
was sitting, and taxed at all times. 

The. Gradual Rise of the Modern Age of 
Coal Power 

The explanation is that there is no need 
of coal in a country living a simple life, 
with ]flenty of wood near at hand, and* 
no large towns. Why should men with 
toil and danger dig coal from the dark 
depths of the earth when with less labour 
they can fell a tree ? It was only when 
re^ forests were being used up and the 
A ct. towns were growing that necessity 
shaft, caien to face recurring calamity and 
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to battle with the ill-understood dangers 
of the mine — a battle that has been fought 
steadily ever since, with accumulating- 
difficulties and a growing list of triumphs 

It was the extension of London that 
made the trade in coal imperative, am: 
by 1605 four hundred ships of small 
tonnage were engaged in bringing coal 
from the North. The tax on coal, whicl 
had been a prolific source of revenue undci 
the Stuarts, was remitted in the reign ol 
William III. From the middle of tlu 
eighteenth century the consumption ol 
coal rapidly increased owing to the us( 
of coke, instead of charcoal, for smelting : 
and the advent of steam as the power foi 
driving engines, stationary and locomotive, 
with the use of gas as an illuminant— - 
ado])ted in London in 1807 — introduced 
the modern era, wherein coal has been tlu 
supreme source of industrial energy or 
the mechanical side, with a wonclcifu! 
development in more recent: times througli 
the clu'inical utilisation of its by-products. 

The Stern Fight between Men and Death 
in the Mine 

C'oal, which had lain ima))prcciated as 
dormant resource through countless •cen- 
turies, began to be a balf-baimed luxurv 
about three hundred years ago, became 11 
growing nec(‘ssity two Imndred yc'ars ago. 
was H'alisi'd one of the master maleriab 
of the world’s ]m)gr(‘ss a hundred yeai> 
ago, and now is engaging far-seeing miiub 
ill anxious speculatiou as b) its duration 
under the inexorable demands of mecluinica^ 
industry. It seems as if its swift ami 
furious race might be fpiickly run in 
countries like our own, judged in the per- 
spective of historiral ages ; but howevei 
that may be, the compiest -of coal will 
remain one of tlie most notable chapters 
of Imman endeavour. 

To-day we accept as a matter of course 
tlu' smooth nmiiing of the stupcmloiu 
coal trade of our land, except when ri 
blast from the mouth of Death qiicnche^^ 
all the life of a mine and devastates the 
homes of a connlry-side. Then we sigh, 
and accept the calamity as a sad recurring 
certainty. But we do not realise how lonj. 
and stern the fight with Death in the 
mine has been ; how great, if slow, the 
victories of human ingenuity, and how 
comparatively seldom, considering the 
magnitude of the work, Death finds £ 
loophole for his ready dart. 

The history of the getting of coal is £ 
history of its difficulties overcome ; and there 
is no more impressive record of the task ol 
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descend mto the mine. "tn 1909 nearly%64 million tons of coal. 
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understanding Nature and bringing about 
an accommodation between her laws and 
the life of man. For, in getting coal, men 
entered gradually a new sphere of work 
— the solid crust of the earth — with dangers 
accumulating at every advance, and each 
fresh lesson was learnt through ruin and 
loss of life. 

At first a)al was (juarried, so to speak, 
horizontally, in a cave-like manner, where it 
cropped out on the surface, the seam being 
followed as if through a broad, dipping 
tunnel. In those times, women were 
employed to carry the mineral to the outlet 
on their backs in baskets. The first difliculty 
encountered was the ]iresence of water, 
which, through the dip of the strata, 
accumulated in the workings. When 
vertical shafts became necc'ssary to reach 
the lower and more valuable seams, this 
difficulty was increased, as water-bearing 
layers were bound to be struck, and the 
water collected in the bottom of the shaft. 

The Deadly Foe in the Mine which Seieaee 
has aot Overcome Evea Yet 

At first, ]nmi]nng was introduced by means 
af a chain of buckets worked by a w^atcr- 
wiieel, and then by a windlass turned by 
horses, but many mines were captured by 
the waters, and for the moment man was 
driven back defeated. The tables were 
turned, however, in 1705, when Thomas 
Newcomen, a blacksmith of Dari mouth, 
invented the steam-engine, jiumping through 
atmospheric pressure, that afterwards 
became known as “ The Miners’ Friend.” 
By 1712, Newcomen’s engine had reached 
such a state of efficiency tliat it had begun 
to master the waters of the flooded mines, 
and to enable jiits t<i be sunk to deeper levels. 
So the range of man’s kingdom was e.xtended 
by Newcomen’s contrivance for ” raising 
water by tire.” 

But the deepening of the mines revealed a 
new danger. Hitherto, water had been the 
enemy. So plentiful was it in some districts 
that it produced a (luicksand layer through 
which sinking was impossible, until the soil 
below and around the bottom of the shaft 
had been frozen solid to facilitate its re- 
moval, after which the orifice was cased with 
rings of iron tubing. When the mines, how- 
ever, had passed through the region of damp, 
and reached a dryer layer, they encountered 
a far deadlier foe, that even yet has not been 
finally overcome. They were met by fire, 
and were temporarily routed. The . first 
recorded explosion occurred in 1705, near 
Gateshead, and three years later another 
explosion cost 69 lives. Increasing depth 
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further complicated the problem of ventila- 
tion, for, below 50 feet, where atmospheric 
changes of temperature cease to produce 
any effect, there is an increase of one degree 
in temperature for every 60 feet. 

With the increase of gases, difficulties of 
lighting, while work was carried on, were 
accentuated, and the greater depths of 
shafts and extent of workings made impera- 
tive a change in methods of hauling coal to 
the bottom of the shaft and raising it to the 
top. All these difficulties came thronging 
on the mine managers at once, as soon as 
coal had been followed towards the'hot, foul 
darkness of the earth’s heavily pressed core. 

The Fireman whose Business it was to 
Cause Explosions 

While mines were of iiiconsiderabU? 
depth — no deeper than many wells of to- 
day — gases, of course, collected, though 
in small ejuantities, and it became customary 
to explodt! them before the miners enteri'd 
the workings. For this jiurpose, a “ fire- 
man,” as he was called, wrapped in li re- 
resisting blanketing saturated with water, 
cre])t forward and caused an explosion by 
projecting a candle at the end of a long 
pole. Ife then flung himself on the grouiul 
while the flames passed over him under the 
roof. This could not last long, and the next 
step was to taj) the gas wIkto a strong 
escape was found, and ])ipe it to the surface 
— an inventioii of the ingenious CarlisU* 
Spedding, of Whitehaven. He also invented 
a fliiit-and-steel revolving machine that 
gave forth sufficient light to work by in 
])laces where candles would have lired the 
gas, whereas ” the spark-emitting wheel 
played harmless in the sulphurous air.” 
Yet it was by an cxplosu)ii that Spedding 
lost his life. His son James made a great 
step forward towards safety by so arranging 
the ventilation that the air, in passing from 
the downcast shaft to the upcast shaft — 
two shafts being now sunk for each mine — 
swept through all the workings, and so 
tended to clear away the gases, instead of 
being directed only to the part of the mine 
wdiere the men w'cre w^orking. 

The Demand for Coal that Led to the 
Invention of Railways 

The demand for coal continuing to 
increase,- cnonnously, the workings, which 
for a long time had not been qarried more 
than two hundred yards away from the 
bottom of the pit, were extended, and sink- 
ing to lower beds went on constantly, bring- 
ing in the necessity for quicker haulage of 
the coal through the mine to the bottom of 
the shaft, and more effective lifting to the 
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surface. The haulage difficulty led to the 
invention of railways — wooden railings along 
the main roads of the pit where horses 
could draw wheeled tubs. These* “ rail 
ways were also used for C(jnveying the coal 
in the North of England fj om the ])it-moiith3 
to the waterways for distant transport. 

The lifting of the coal up the shaft was 
first managed by horses working a windlass. 
When steam was employed for this purpose, 
it was emj)loyed indirectly. Newcomen’s 
engine, or James Watt’s improvement of it, 
were used to raise water, which in its turn 
worked a water-wheel to raise the coal, 
a s\^stem ended by Watt’s later improve- 
ments on the steam-engine making it 
directly usable for lifting loads u]) the shaft. 

The speed of coal-getting was now enor- 
mously increased. At first, wicker baskets 
made of ha/el rods were susjiended in th<‘. 
shaft from hem|)en roj)CS, and it was 
thought wonderful that oo tons of coal 
should be raiscnl in a day from a shallow 
Newcastle jiit. Three hundred tons a day 
was the largest amount that was ever raised 
by this primitive system of winding. Now, 
liave been raised in one tlay 
at the Cadeby Main Mine, near Doncaster, 
from a dej)th of 763 yards. 

How the Coal Came up the Shaft in the 
Old Days 

An early impetus to the swift removal 
of coal from tlie mine was given by John 
Curr, of Sheffield, wlio substituted cast- 
iron rails, above and below, for wooden 
ones, whet'led waggons for the old corves, 
guidi'S in the shaft to carry steadily a firm 
cage, and a tlat rojie that increase<l the 
diameter of tlu' drum on which it was 
wound as the cage neared the top, and 
thus (piickened the ])ac(^ of ascent. He 
also was the first to use fixed engines for 
hauling waggons. It may be said that 
(airr’s improvements in the last quarter of 
the eighteenth century, and the advance- 
ments on them by Hall, a Durham engineer, 
in the first ijiiarltT of the nineteenth 
century, established broadly the system 
now in forci'. for raising the coal from the_ 
pits, though, of course, im})rovemcnts have 
been constantly introduced, with labour- 
saving arrangements, at every point in the 
process. 

While these measures for ensuring swift- 
ness and economy were being taken, the 
fight for life in the ever- deepening pits went 
on. Diluting the escaping gases wiUi a strong 
ventilating current, and firing small accumu- 
lations, proved utterly insufficient to prevent 
terrible catastrophes ; while the steel-mill 
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light, which had been regarded as safe in 
quite shallow mines, proved fatal under 
differing circumstances. At the beginning of 
the nineteenth century seven terrible 
explosions occurred in a few months, and 
public discussion respecting systems of 
ventilation became eager. 

How Sir Humphry Davy Gave the Miner's 
Lamp to the World 

It was clear that the dilution of escaped 
gases by a current of fresh air was not an 
adequate remedy, for gases constantly 
accumulated in foulness till they fired w'lieii 
])assing over the furnace at the bottom of 
the upcast shaft. Great improvements were 
made in ventilation, particularly by John 
Buddie, of tlie Wallsend Colliery, at 
Newcastle, who introduced the compound 
system, snpidying two streams of fresh air 
instead of one, and limiting the circuit 
made by each current ; but explosions 
continued, and it became clear that reliet 
must be sought through preventing the 
ignition of gases, as the gases themselves 
could not be entirely cleared away. This was 
Mr. Buddie’s opinion. Under these circiiin- 
stances, Sir Huinj)hry Davy was asked for 
his advice, and })aid a visit to the North of 
England, where the facts were ])laced bcfori' 
him by Mr. Buddie the most competent 
colliery manager of his day. “ I think I can 
do something for you,” were the modi^sl 
words with whirh Sir Hnm[)hry closed tin* 
interview, and seven weeks later he announced 
that his experiments had been fortunate 
beyond his exj)ectati()ns. The result was the 
discovery t)f the Davy safety lamp. “ \\\‘ 
have at last subdued the monster I ” was the 
exclamation of Mr. Buddie when he saw the 
lamp burning amid gases which it did not 
fire. Later, when asked why he had not 
patented his invention, Sir Humphry replied : 
” I never thought of such a thing. My object 
was to serve liii inanity.” It was a noble 
ending for a great crusade. 

The Lamp that has Saved Thousands and 
Thousands of Lives 

Davy’s lamp is based on the assumption 
that an explosion will not pass througli 
small apertures, and accordingly he made a 
wire gau2:e lamp. It has been found that the 
gauze must not contain less than 784 aper- 
tures to the square inch. Though the inven- 
tion has been the means of preserving tens 
of thousands of endangered lives, and case^ 
of apparent failure have often been referabh 
to gross ignorance or wilful carelessness oii 
the part of the users of the lamp, it has been 
ascertained that immunity from explosion 
depends on the velocity with which a current. 
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I iiis photograph, taken a thousand feet underground, shows the seam of coal as it runs in the earth’s crust. The narrow black layer of 
•Tirboii was once a luxuriant tropical forest drinking in the warm sunshine and storing it up for man's use millions of years afterwards, 
but ihe land s.ank and the forest was buried in the ocean under mml and clay, which became shale. In the Lancashire coalfields^ there 
^>rc eighteen coal seamsj and the SaarbrUcken coalbeds in North (terniany nave 2:2^ srains, proving that the earth and the sea in this 

place must have changed places 224 times ! 
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itAKCMING hOK I HE MINER’S DEADLY FOE 







^ 7 ^. 




These miners are searchiiijr for the deadly fire-damp. This gas, which causes so rnany explosions, is 
lighter than air, and rises to the roof of the mine. When a safety lamp is held in it, the itarnc bnnis 
blue, and the miner can delect it and take precaulibns. It escapes from the coal, often with a hissinj; 
»ound ; and in a Wallsend mine one escape of gas gave off 120 cubic feet of gas every minute for years. 
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PROPPING UP THE EARTH IN A COAL-MINE 





I lie method of getting out the ct)al varies in different mines and in different districts, as much depends 
>11 the character of the seam. Bqt in all cases the roof of the workings must be propped up with iron 
'r timber supports, as the men are seen doing in the left-hand picture. Theivthey can work, as shown 
on the right, without fear of being buried under falling coal. 
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TWINNING A NATION’S WEALTH INSIDE THE CRUST OF THE 'EARTE 




The heat is very great in a deep 
work in Yorkshire half a mile b 
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of bad air impinges on the gau2:e. Shields are 
made to ward ofi the air rush, and other im- 
jnovements have been made, but to Davy bc- 
1( )ngs the lasting credit of this great safeguard. 

As all the precautions taken did not entirely 
rliininate explosions, it became clear that 
there were causes of explosion other than the 
presence of a considerable volume of gas; and 
it is now established that a shot which blows 
l)ack from the drilled hole in the coal-seam 
ill which it has been rammed may ignite 
I'crtain kinds of coal dust, particularly if 
small quantities of fire-damp are in the air, 
and even if the air be free from gases. In 
consequence, the watering of the main roads 
of a pit is now one of the recognised methods 
of contributing to the safety of the miner. 

The work of the miner ever has been, and 
always will be, a warfare with danger. Death 
Jiirks at his elbow, lie may be poisoned by 
])lack-damp (carbonic acid), or white-damj) 
(carbon monoxide), or fire-damp, also called 
marsh gas (light carburetted hydrogen), 
or after-damp (the products that creep 
through a mine after an explosion) ; he may 
be crushed by falls of the roof or of coal, 
tor always the weight of the super-incum- 
bent earth is tending to bring down whatever 
is overhead, and to close up the open roads 
by pressure on all sides, “ creeping ** to 
obliterate the cavities made by man. 

The Man who Works Day by Day with. 
Death at His Elbow 

Indeed, all his work below is carried on in 
the midst of forces which, wliether he is alert 
oi :u)t, may trap and maim him. In Great 
P*rita!n about 850,000 men work underground 
under these conditions, and from 1,000 to 
1.300 ot them are killed every year, while on 
in average one in ^even suffers annually 
some recorded iniur\ In a mining district 
one out of fifteen of the deaths that occur 
is a death in the mines, and this in spite of 
< hivernment inspection for over sixty years, 

I lie utmost managerial self-interest, and a 
widening intelligence and education among 
tlie rank and file of miners. Coal has achieved 
wonders in the world, but it is “won” at a 
great price in human wreckage. 

But science is continually working to 
eliminate the dangers of coal mining by 
hiventing and perfecting new safety devices. 

1 hus, only a short time ago, at the general 
meeting of the Association of Mining Engi- 
neers held at Glasgow, Mr. Ralph, a mining 
engineer of Newcastle, announced the 
invention of a fire-damp detector. This is 
instrument for detecting the presence of 
the much-dreaded fire-damp in coal-mines. 
This gas becomes dangerous when there is 


about four per cent, of it present in the air. 
The new invention of Mr. Ralph will enable 
us to detect the presence of even such small 
quantities as one-quarter of one per cent, 
of fire-damp in the air. It may truly be* 
described as epocli-making, for by its means 
many a dreadful mine catastrophe will be 
averted, and numerous useful lives saved. 

The First Thing to be Done when Coni 
is Discovered 

Before a colliery is sunk, experimental 
boring is started on a site suggested by 
geological knowledge. Boring to test the 
earth’s strata has been jaactised in this 
country since the year 1618. The jdacing of 
a shaft is important, and complicated. It 
sliould provide, if possible, for at least three 
conditions- -tlie working of the scam of coal 
from its lowest point, so that the gradients 
in the main roads of the mine may fall to 
the lK)ttom of the shaft and help drainage and 
haulage ; the working of tlie coal ownecl from 
its centre, to prevent unnecessary length of 
underground ways ; and the convenient 
removal of the inoducc from the ])it-head 
to the consumer. 'ITie shafts sunk are usually 
circular, as a round shaft best resists pres- 
sure ; but shafts of various shapes, including 
square ones, may be found abroad. It is not 
customary to sink the principal shaft first, 
but to regard the ventilating shaft as experi- 
mental. The cost of sinking depends on the 
hardness and slo])e of the strata, and the 
amount of water, running sand witli much 
water being more dilficult than harder 
layers. The shaft is often lined, or “ tubbed,” 
as it descends, with segments of cast-iron 
rings to keep back tlie wet, and afterwards is 
bricked. On reaching the seam to be worked, 
main roads are driven from the pit bottom, 
at least two biMiig started at once, and 
connected as they proceed, to facilitate 
ventilation. In the neighbourhood of the 
bottom of the shaft is excavated the stabling 
for the horses, ventilation being more easy 
there. The shaft itself is continued below 
the level of the workings, the covered 
terminal part, or “ sump,” being used to 
receive the drainage of the mine. 

Propping up the Earth with Steel in the 
Underground Roads 

A considerable part of the expense of 
mining is incurred in timbering the road- 
ways and workings, which are alw^ays 
subject to falls, and ar-e artificially kept 
open. Steel is now used more and more 
instead of wood for the support of the 
roof, especially where pressures are heavy, 
and the change is an economy, for whereas 
steel is more than twice as expensive as 
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‘THE FOREST COMING BACK TO THE SUN 



A I’lT-rONY, I.IVINO IN IMCkPKTUAL DAKKNICSS, TRUCKS llAULKD JiY MACllINJCKY FROM TJIK 
HAULING Till*: <’OAL TIIROUGlf A GALLKRY. CiALIJiRIl'S TO THK FOOT OF TIIK SHAFT 



THE COAL AT TIIL JJ /ll.>M'OF THE SHAFT, READY TO BE SENT UP. 

'I'lie pit-ponics pull the irucks the j^allerie.s to the main workings, where machinery hauls tlietii 

to the sliiift. A ca^e somelinu .'-' lakes up twelvtv trucks at a time. From one to four thousand ton^ 
can be broui^ht up a shaft in a day, and it is interestinj; to reflect that in this way the forest, which grew 
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A TRAIN BEING LOADED WITH COAL 



COAL liKING SIFTIA) ANI> SCKJiKXKn AT THK I'H- Mt)lTT 1 f 



TJIK coal lililNCl TllTlCO INTO RAILWAY WAGGONS KICADY TO BE SENT AWAY 
''I the* sun before llie appearance of man, is now broiij-lit back to lij^ht a^-aiii i)v the hands of men. 
tile trucks come up from the pit they are emptied by a mechanical “tippler,” which throws 
coal on to screens, where it is sifted into various size.s, and tipped into rail\\a> waj^s^ons. 


X I 
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wood, its life under the stresses of the mine 
is six times as great as that of wood. 

The pit-frames, or head-stocks, of British 
collieries, formerly an open structure of 
wood supporting the pulley- wheel, are now 
more frccpicntly made of steel. On the 
Continent the pit-head is often bricked in. 
The rope almost invariably is of steel wire, 
in England, and round, and is expected to 
raise ten times its customary load without 
breaking. The weight of that load some- 
times reaches four tons of coal, besides the 
added burden of the cage and the rope. 
Thus, at ('adeby Main, the cage carries at 
once eiglit tubs, each with a load of ten 
cwts., lifting its burden a height of 2289 
feet. From the Denaby Main pit in York- 
shire 629,947 tons have been “ turned ** in 
a year of 281 working days. The Pendleton 
colliery in Lancashire is half as deep again 
as Cadeby Main — namely. 3474 feet — and 
the Sainte Henriette mine at Flcnu, in 
Belgium, reaches a depth of 3773 feet, a 
distance considerably greater than the 
height of Snowdon — so marvellously has the 
reach of the coal mine extended and the 
swiftness of coal-raising increased. 

The Various Ways in which the Coal ia Got 
Out of its Solid Bed 

Haulage in the pits is now generally by 
mechanical means along the main roads, 
and by horses or ponies between the work- 
ings and the main roads. 

Electricity is often employed for lighting 
purposes near the bottom of the shaft, but 
not near the workings, as they are constantly 
being moved back as the coal is taken out. 

The systems of getting the coal from its 
S()lid bed differs in various localities and 
countries. Near the bottom of the shaft 
much of it is left to prevent subsidence. 
The two most general methods arc by board 
and pillar working, removing the coal in 
rectangular blocks, and by long-wall work- 
ing in 'vhich the whole face of the seam is 
attacked and removed. As the coal is re- 
moved, the roof being propped up in the 
workings, the refuse is thrown back, or is 
built up. according to its character, behind 
the workers, into the waste open space, 
“goaf or “ gob,” where the coal seam was, 
and the remaining space gradually closes 
in owing to the earth’s superincumbent and 
surrounding pressures after the timbers are 
removed, and the working stalls along the 
f^ce of the seam have been further advanced. 

The actual quarrying of the coal is 
managed in various ways, sometimes by 
coal-cutting machines, but the most general 
method is by ” holing ” underneath the 
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seam in the underlying stratum, if it i 
sufficiently soft, or, if not, in the coal itsel 
While doing the work the miner lies o 
his side, wielding a pick till the length of th 
face allotted to him is undercut as far as h 
can reach. Holes for shots are then driller 
in the coal face above the undercut part 
and charged with an explosive, and tli 
firing brings down the wall of coal as fa 
back as the holing has alUnved. Th 
mineral is then broken up so as to allow n 
it being handled, and is loaded into srnal 
waggons, which are brought to the working 
along miniature railways that are extendtM 
as fast as the coal-seam is removed. 

The Work of the Coal when it Leaves its 
Age-long Resting Place 

Many of the uses of the coal that is s( 
hardly won from its deeply hidden, age- 
long resting place are obvious to the leas 
observant. We all see its familiar con 
sumption for doipestic w'arming and cook 
ing, and its powder-producing feats, whei 
transformed into heat in working ever; 
type of machinery, the swift and ponderou 
express engines, the great marine monstcM 
singing their rhythmical hymn, the myria< 
machines of our factories and w^orkshop^ 
We know that from it has been prodiicci 
the gas for our lighting and for running 
machinery in smaller applications than Ih 
steam-worked wonders. We know that i 
has smelted the metals which provid 
material for nine- tenths of the mechanic;! 
•contrivances of mankind. We recognis 
that coal, in alliance with iron and it 
compounds, has made modern industrialisii 
])ossible. But there arc other uses t 
which coal has been put in recent yc;u 
that are less obvious and perhaps eqn;\ll 
interesting, if not so essential. 'I'li 
chemical ])roducts of coal are one of lli 
marvels of our generation. 

From a ton of Newcastle coal may 1 > 
produced 10,000 cubic feet of gas, i4oli). « 
tar, about i5oolb. of coke, and 20 to 
gallons of watery liquid. The use of the g;i 
and the coke is familiar enough ; it is tli 
tar and watery liquid that furnish an o] 
portunity for modern magic. 

The Marvels that a Touch of Che Scientist's 
Waad Brings from a Piece of Coal 

From these waste products, as they usi < 
to be called, can now be extr^acted coloin 
ing matters to please our sesthetic tastt- 
medicines for our ailments, perfumes f'> 
our olfactory pleasure, flavourings to sui 
our palates, burning oils for our domes! i' 
convenience, lubricating oils for <>’! 
machines, paraffin wax for our candl« 
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niK HUMAN MOLlis -MFK HALF-A-MILK liJCLOW 

l.y l.«nns pIacef^‘lhlIlTw!^c^^o\ the mriss. whirl, ,„i,st I,.: 
.. r..en,e.ypenlous,a.,ci .nany are hil.e. 


nmmonia for cleansing and mainires, acids 
<)l various kinds, and ingredients used in 
the manufacture of |ia])er and soap and 
gliiss. P 1 oni a ton of coal can l)e ex- 
tracted 30II). of crude sidjihates. saleable 
ill 112 a ton. It will give up that which 
will dissolve indiarubber and creosote to 
pickle timber. Im'oiu it we get laini)- 
hlack, varnish, na])htha, ben;?ene and 
aniline dyes of forty shades ; insecticide 
h»r cro])s, carbolic acid for surgery, 
salicylic acid for the preservation of fooil’ 
^isphalte to pave our streets, and in com- , 
petition with itself— briquettes r.v ]xitent 
luels. To })harmacy it has givtm the modern 


medicines f)f sleej) and the saccharine that 
displaces siigar ; and it provides sonu^ of 
the most essential materials for the student 
in microscopy througli its colouring matters, 
and for the photographer engaged in his 
development procc^sses. 

Whatewer may be the future of coal in 
this country or c*lsewhere, no ojh', can deny 
that its story during the last C(‘ntury, 
th )Ugh darkeiK'd so often by disaster and 
death, lias been illuminated by steady 
triumphs, and mafle brilliant by scientific 
surprises. What may not lx? in store for 
man when such wonders can be evoked from 
this uiqiromising sanqile of decaying rock ! 



oAL on the earths surface AN OUTCROP OF THE COAL MEASUKKS IN PEMHROKICSIII K I 

"*« of the photoi^raphs in pa»res are taken at tlio Silver .vo d Coll erj', Kutlier1i.tiTi, SheHield. Others .ire l>y Mr. II. W Huirhes Mr II A 

Chapman, and Mr.. W. E.Garforll,. rrosideiu of llic Royal Institute of Mini, itfL uKinccrh. ‘lukhcs. Mr. II. A. 
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A GLIMPSE OF A WHEATFIELD IN CANADA 



It is iiiMich glorious fields as this that ihc enormous wheat crop of the British Empire is grown. Tlic 
wheatfields of the empire produced in 1909 nearly 1700 million bushels, an increase of 146 millions in i 
single year, the increase itself being more than double the entire wheat production of the United Kingdom. 


The wliaatfield shown here is on one of the immense forms along the Canadian Pacific Railway. 
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EMPIRE AND MOTHERLAND 

A Commercial Survey of the Vast Poten- 
tialities of the Britains Beyond the Sects 

THE BRITISH EMPIRE’S NATURAL WEALTH 


L et us pass fnim our survey of the eco- 
nomic position and resources of Britain 
Jierself to the consideration of the magni- 
ficent territories for which Sir Charles 
Dilke coined tlie title “ Greater Britain.** 
We have seen how limited in many im- 
pertant respects is the natural wealth of 
tlie 120,000 square miles whereon the 
greater j)art of the British race lives and 
works ; we shall see how enormous and 
how varied arc the productions of the 
Britains beyond the seas, which, although 
they contain but about one-fifth of the 
British race, cover an area nc'arly a hundred 
times as great as that of the British Isles. 

The far-flung congeries of StatcLS, jiartly 
a federation of free and self-governing 
jicoples, and }iartly a dominion of con- 
trolled and guided nations, or colonies, 
covers one-fifth of the world’s land area, 
and includes in its governance one-fourth 
of the world’s inhabitants. With no ])ossi- 
hility of war between one-fourth of man- 
kind, with constant and increasing ojipor- 
t unity for intercourse, for mutual under- 
standing, and for Imperial conference, it 
should be possible in future to do much by 
way of synthesis for a large part of the world. 

The test by metals which we applied in 
examining the economic position of the 
United Kingdom gives us an even more signi- 
licant result when applied to Greater Britain. 
MRTAL OUTPUTS OF GKEAT UKITAIN, 
THF KMFIFE. AND THE WOKI.D. 

of native ores only, in igoy. fiold and 
fiilvor arc given in kilos ; the rest in metric tons. 


Metal 

Great 

Britain 

Greater 

Britain 

All the 
World 

bon 

G)ppcr . 

Zinc 

bin 

^/‘»ld 

Silver . . 

4,900,000 

500 

4,000 

23,000 

5.300 

30 

4,400 

700.000 
72,500 

151.000 

204.000 
59,700 

395.000 
i,3<^5.<^oo 

60,000,000 

893.000 

856.000 
1,050,000 

1 1 7.000 

686.000 
0,34<?,ooo 


When dealing with the resources of 
Britain it was not worth while to refer to 
the (]uiie insignificant production of a 
few pounds* worth of gold in Wales, and 
of a few thousand pounds* worth of silver 
in connection with our lead mines. When 
we deal with Greater Britain, liowever, 
gold and silver hulk largely in the figures. 
We see that in i()Of) (heater Britain pro- 
<luced more than half the world's gold, and 
about one-fifth of all the world’s silver. 

With regard to copper, zinc, lead, and 
tin- -after iron the most useful metals 
to man — the position is almost as striking 
as in regard to the j)rccious metals. Of 
tin more than -onc-lialf, and of lead alvnit 
one-fifth, of the worhl’s total supply is 
the output of Greater Britain, and of zinc 
the British Empirci’s share is about one- 
sixth. In copp(T GnNiter Jh'itain is not 
so fortunate. Nevertheless, one-twelfth of 
tlie world’s copper is i)rodiu:i‘d in our 
over- sea hhnpire. 

It will l)c obvious from the consideration 
of these economic facts that the British 
Empire covers not merely a large |)art of 
tlie world's area, h'ut that the British 
one-fifth of the world must include no little 
of the world’s most profitable mines. 

But iron is more valuable to man than 
all the other metals put together; and 
particular attention should be paid to the 
fact that while in iqoq the world as a 
whole produced about f)0,oo(),()0() tons of 
iron, and while the United Kingdom |)ro- 
duced nearly 5,000,000 tons of iron from 
her own ores, the whole of the British 
Empire, outside the United Kingdom, 
produced iron ore with a metallic content 
of only 700,000 tons. 

The explanation of these figures should 
he thoroughly uiuhTstood. There is a 
great deal of iron ore in the British Empire, 
but it is not always worth while to mine 


THE MONEY SYSTEM- POLITICAL ECONON^* DISTRIBUTION AND EXCHANGE 

485 



HARMSWORTH POPULAR SCIENCE 


it because of the serious freight factor, and 
because Greater Britain is not yet developed 
as a great power area. 

Coal,, we have seen, is at present the 
chief arbiter of the distribution of industry. 
Small as the United Kingdom is, insigni- 
ficant as is its area compared with that of 
Greater Britain, the Mother Country far 
out-rivals her daughter nations and the 
British Empire at large in coal output. 
Indeed, at present (ircatcr Britain is a 
poor producer of coal, as the table at foot 
of page shows. 

The whole of (ireater Britain produces 
but about 40,000,000 tons of coal in a 
year, or between one-sixth and one-seventh 
the output of the Mother Country. Never- 
theless, the overs('a oiiti^ut has much 
increased of late, and is four times as great 
as it was twenty years ago. 

It is, then, of the deepest interest and 
imi)ortancc to iiupiire as to the character 
of the colonial coal rescnirces. Unfortu- 
nately, in this, as in many other. matters, 
the world has not the full information it 
ought to have at the beginning of the 
twentieth century, which it certainly will 
have when the importance of scientific 
conservation is widely understood. A 
certain amount of dtdail ’was collectt'd 
for the last Royal Commission on Coal 
Sui)j)lies, and this goes to show that we 
may expect a large dovelojiment of coal 
production in the British Empire. 

India, which, it will l)(i sivn, j)rodnces 
yearly about ij,o()o,ooo tons of coal, is 
certainly rich in fuel, although not so well 
favoured as that dark horse of industry 
the ('hinese Empire. There are perhajis 
/,5,ooo sipiare miles of coal area in India, 
but this is a very rough estimate, ancl 
there is little information of any value 
as to the content of the coal areas. The 
balance of evidence goes to show that 
India has large but not comparatively 
great coal potentialities. Moreover, Indian 
coal is not of a very high (juality, being 


TERRITORY 

UNITED K 1 NCiDOM 

GREATER KRITAIN 
India 
Australia 
New Zealand 
Canada . . 

Cape Colony 
Transvaal 
Orange Free State 
Natal 


30 to 40 per cent, inferior to Welsh coal 
in heating pow’er. 

We turn to Australasia, where coal pro- 
duction has trebled in the last twenty years, 
but is still only about 12,000,000 tons a year. 
The New South Wales coal measures liavi 
been estimated to contain over fourteen 
thousand million tons of coal. At Newcastle. 
New South Wales, coal has been mined for a 
century, but only about a hundred million 
tons have been raised in that period. 
Victoria has very large deposits of brown 
coal, or lignite, but little is worked al 
present. Queensland, Tasmania, and 
W'estern Australia also possess coal dcposit>. 
A former Government geologist of Queens 
land, Mr. Jack, has given it as his opinion 
that the coalfields of that State are “ practi 
cally unlimited.” With regard to Niw 
Zealand, it has been estimated that the 
dominion has about 1200 million tons of 
available coal. In one sense this is a great 
deal, but it is less than five times as nuu li 
as the United Kingdom produces in a year! 

Altogether, it may be doubted whether I lu- 
great area of Australasia can be considered 
likely to become, in the comparative sense, 
a great coal area, and this view is borne out 
by the length of time during which some ol 
the chief measures have been worked. 

Tlu^ fine Dominion of Canada next 
engages our attention. Here the coal area 
is literally enormous, extending to nearlv 
100,000 square miles. Next to China and llu‘ 
United States, C'anada has the greatest coal 
area of any country. Coal area, howevei'. 
is by no means the same thing as coal 
content, or, what is more important, coa! 
commercially available. The chief develoj) 
rnents have taken place in Nova Scotia and 
British Columbia. A rough measure ol 
availability is given by the respective coal 
developments of C'anada and the United 
States. Each has been colonised and 
developed for approximately equal periods, 
and yet to-day, while C'anada produces but 
about ten million tons of coal a year, tin- 


Tons in 1890 

Tons in 1900 

Tons in lOo * 

181,600,000 

225,200,000" 

263,800,001’ 

2,2(X1,000 

6,100,000 

^ 1 3, 000.00’ > 

3,500,000 

6,400,000 

10,200,00” 

600,000 

1,100,000 

, 1,900,0* > ’ 

2,700,000 

5,200,000 

9.300,00” 

30,000 

200,000 

100,00 . 

— 

400,000 

2,700,00” 

— 

— 

400,00 » 

80,000 

200,000 

1,800,00 « 


THE COAE OUTPUT OF THE BRITISH EMPIRE IN THREE DECADES 
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United States of America produces four 
hundred million tons, or forty times as 
much. As there is no reason to suppose that 
it'ss intelligence has been applied to Cana- 
iliati than to United States coal resources, 
we must take it that, however great the coal 
area of Canada may be, her commercially 
useful coal is not nearly as great as that of 
either the United Kingdom or the United 
Slates. In this lies the explanation of the 
remarkable contrast between the popula- 
tions of Canada and her southern neighbour, 
('anada having a population of about 
7,000,006, and the States of about 95.000.000 
|)(‘02>le, advancing in poj:)ulation at the rate 
of about 2,000,000 a year. Coal, as we have 
said, is a magnet for j)opulation. 

It remains to cemsider South Africa. As 
a whole, the African ('ontinent is exceed- 
ingly poor in coal measures, but South 
Africa has the best on the Dark Continent. 
As will be gathered from the table, Caj)e 
('olony, the Transvaal, and the Orange Free 
State arc all small coal producers, and 
there is also coal on the Zambesi, but the 
production of all the South African holds jmt 
togctluT is barely as great as the increase 
of i^roduction by the United Kingdom 
in a year. There docs not seem any reason 
to believe that the South African helds, 
though valuable, will ever become great. 

The Comparative Poverty of Greater Britain 

in Coal and Her Richness in Water Power 

Thus, amidst a great deal of uncertainty 
one thing is certain, and it is that after 
iiiany years of cx2)loration and develo2> 
inent Greater Britain is still, as a whole, a 
comjmratively poor producer of coal. That 
is, when comparison is made with the really 
great coal-producing countries of the world 

Britain, the United States, and (Germany. 
-Vpart from these three great leaders, how- 
ever, British Empire coal ranks for much of 
the coal of the rest of the world. 

As far as water-power is concerned, 
theater Britain is, of course, far better 
furnished that the Mother Country. In 
( anada, New Zealand, and South Africa 
we have consincuous examples of the 
harnessing of natural supplies of water- 
power and their utilisation for industrial 
purposes. The Victoria Falls, on the 
Zambesi, which are 400 feet high and some 
5000 feet wide, will doubtless some day be 
tile centre of a great industrial field, and 
file magnificent power which they furnish 
will be carried by mains to great distances, 
to feed mines and factories and towns. 

In New Zealand the Government is 
wisely developing water-power on a national 


scale. New Zealand is a mountainous 
country, exceptionally rich in water- jxiwer 
resources. A wi^ll-known .American engineer, 
Mr. L. M. Hancock, was employed to 
investigate the subject ; and the result of his 
inquiry was so favourable that £%oo,ooo 
was voted in 1911 for State electric- power 
w'orks based on w’ater-pow’or. 

A Development which would Pour Millions of 
People into New Zealand 

Mr. Hancock re^xirts that with the chcaji 
power thus furnished New Zealand can 
accomplish wonders. He estimates that 
every city, town, and hamlet in tin* dominion 
can be furnished in this way with j^ower, 
light, and heat for railways, factories, ware- 
houses, and homes. Theri^ is enough water- 
power in New Zealand to do the manu- 
facturing of all Australasia and a great part 
of the Orient. New Zealand is advantag- 
eously situated for trade in the Pacil'ic, 
and it is so near to great markets that when 
the dominion has properly developed her 
magnificent “ white coal.” lu*r possibilities, 
iLS Mr. Hancock puts it, “ are almost beyond 
the bounds of fancy.” 

Such a development, which is certain 
rather than j^robable, would certainly change 
many currents of existing trade. New 
Zealand, instead of e.xjxirting wool to be 
manufactured in Europe, would herself 
multiply her j>resent population of about 
one million into tens of millions, and create 
upon the basis of her water-pciwcr and her 
fine suj)j)li(\s of material a great industrial 
output, with au export trade in the Pacillc 
and through the Panama Canal to j^laccs 
even farther afield. 

Seven Hundred Million Bushels of Wheat 
from British Fields 

Let us now coiisidc'l' (heater Britain as a 
food producer. It is common knowledge 
that our daily bread is for the most part 
brought by commerce from over the sea. 
The British wheat crop varies from fifty to 
sixty million bushels a yc'ar, whereas we 
cemsume about five times that quantity. It 
is far otherwise in the Britains beyond the 
seas. The British Enqiire as a whole pro- 
duced in 1909 nearly seven hundred million 
buslmls of wheat, and the United Kingdom 
wheat crop is comparatively so insignificant 
that it amounts to far less than the increase 
of the Empire croj^ in a single year. In 
J909 the total Imperial wh(;at cro^^ rose by 
146,000,000 bushels, while the United King- 
dom crop amounted to 63,000,000 bushels. 
As recently as i8(j5 the British Empire 
grew about three hundred million bushels, 
so that in half a generation the crop has 
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VARIED SCENES AND WORKERS IN THE 



SUGAR-CAN K jplCKERS IN JAMAICA 

The development of the vast commerce of the British Kmpire, the far* Hung congeries of state wluV'li 
trover an area nearly a hundred times as big as the British Isles, is one of the most astonishing 
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building up of the EMPIRE'S WEALTH 



PICKKRS AT WORK IN ONK OF THK VAST TEA PLANTATIONS IN CEYLON 

'>i modern world-development. One-iifth of the earth is in the hands of the British race, and these 
I'iciures bring l>efore us some of the varied scenes in which the natural wealth of the Kmi)ire is developtnl 
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mote than doubled itself, which is a further 
illustration of that extraordinary rapidity 
of world development which we have 
already considered. 

The United Kingdom production of 
barley, so largely cultivated for malting, 
forms a very large proportion of the total 
Imperial output, but with regard to oats 
the figures lire almost as striking as for 
wheat, the British home crop being about 

180.000. 000 bushels out of a total Empire 
crop of nearly 530,000,000 bushels. 

The production and consumption of the 
cereals in the British Empire are set out 
clearly in the table at the foot of this page. 

We see (xrcat Britain producing ten times 
as much wheat as the United Kingdom, and 
producing for export an amount almost 
equal to the home country’s requirements. 
We sec barley little used in the Empire out- 
side the Mother Country, almost the entire 
Greater Britain crop being a surplus for 
export. We see the Greater Britain crop 
of oats so great as to be six times greater 
than the home country’s excess of con- 
sumption. The Greater Britain crop of 
maize is largely needed where it is grown ; 
but, even so, more than half of the Imperial 
crop is available for export. 

In view of these important figures, it is 
not surprising that the United Kingdom’s 
imports of the cereals are being more and 
nifVC’e largely drawn from (ircatcr Britain. 

Passing to other foodstuffs, the horned 
cattle of Greater Britain arc eleven times as 
great as those of the home country, which 
liavc advanced little in recent years. The 
sheep of Greater Britain number about 

180.000. 000, against 32,000,000 in the 
United Kingdom. At the present time, 
probably alxiut one-half of the United 
Kingdom’s home consumption of meat is 
home-grown, but the proportion of home- 
meat is likely to ilecrcase in the future, and 
an increasing amount is likely to be drawn 


from Imperial and .other sources. Wit 
regard to tea, coffee, cocoa, and sugar, tli 
United Kingdom has no home supply, an 
the enormous production of tea in India an 
Ceylon enables us to draw the greater pai 
of our supplies from (Greater Britain. 

Turning to the raw materials of the te> 
tile trades, the production of cotton withi 
the British Empire has increased by aboi 
70 per cent, in the last half generation, bi 
Imperial cotton still forms a very small frac 
tion of the world’s supply, and the Unite 
States still furnishes the greater part ( 
the requirements of ‘ British and forcig 
cotton mills. The American monopol 
of the raw cotton supply is a really n 
markable thing, and there does not sccm 
any good reason to suppose that the worl 
need be for ever dependent upon it. I 
Africa, Australia, the West Indies, Soiit 
America, and India it should be possibli; s 
to multiply the world’s cotton crops as 1 
reduce very greatly the price c)f the mater ii 
and to give a fresh spur to the world 
cotton producers. The constant harass! n 
and check of British and foreign mills b 
the periodical shortage of what is to a 
intents and purposes a single source ( 
supply is fraught with the gravest dangi 
to hundreds of thousands of the world’ 
industrial workers. 

With regard to wool, the British Empii 
has in Australasia one of the chief worl 
supplies. In the last fifteen years ili 
Empire’s output of wool lias increased b 
about 40 per cent., and yet has failed t 
keep pace with the world’s incrcasin 
demand for wool caused by the rising stan 
dard of life in the North Temperate Zom 
where wool is such a common necessity ‘ 
existence. In the same period the Uniti ' 
Kingdom wool crop has been alino^ 
stationary. 

In India the British Empire possesses tli 
world’s greatest source of jute, and tli 
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CEREALS 


UNITED KINGDOM 
Wheat 
Barley 
Oats •• 

Maize 


GREATEIi BRITAIN 
" Wheat 
Barley 
Oats . , 

Maize .. 


PRODUCTION 

CONSUMPTION 

TOTALS 

COMPARED 

Bushels 

Bushels 

Consumption mor* 
than production 

63,000,000 

270,000,000 


207,000,0*' 

69,000,000 

112,000,000 


4 1.000,0* * 

i79,ooi>,ooo 

230,000,000 


51,000,0* ■ 

liil 

78,000,000 

-b 

78,000,0c 



Les.s than productici 

627,000,000 

361,000,000 

- 

266,000,0* •' 

57,000,000 

5,000,000 


52,000.0* ' 

360,000,000 

35,000,000 

— 

33 1, 000, CH •< 

53,000,000 

22,000,«XX) 

— 

3 1 ,000,0* '< 
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the BRITISH EMPIRE’S GROWTH IN MATERIAL WEALTH 


COMMODITIES PRODUCED IN 

PRODUCTION IN 

Increase per 
cent. 

EMPIRE AND MOTHER LAND 

1895 

1909 

Decrease shown 
by- 

Csal 

United Kingdom 
British Empire 

189.700.000 tons 

201.600.000 tons 

263.800.000 tons 

303.200.000 tons 

39*0 

50 0 

Copper 

United Kingdom 
British Empire 

2 7,000 
;f8oo,ooo 

;£i9,ooo 

;£4,3oo,ooo 

- 29-6 
437’5 

Tin 

United Kingdom 
British Empire 

/: 447 ,ooo 

4, 000,000 

696, 000 
;£8,300,ooo 

557 

107*5 

Iron Ore 

United Kingdom 
British Empire 

12.600.000 tons 

12.800.000 tons 

15.000,000 tons 
16.300,000 Ions 

lC)-0 

273 

Pig Iron 

United Kingdom 
British Empire 

7.700.000 tons 

7.740.000 Iona 

9,500,000 Ions 1 

10,200,000 tons 

23*3 

3 »« 

Gold 

United Kingdom 
British Empire 

1 8,000 

0,900,000 

/4,ooo 

;£54,o<)o,ooo 

- 777 
395*4 

Silver 

United Kingdom 
British Empire 

£35>o'^ 

£(yoo,ooo 

;£i4,ooo 

;^3,8oo,ooo 

— ()00 

533*3 

Diamonds 

United Kingdom 
British Empire 

4, 800,000 

;f6,40o,ooo 

33*3 

Wheat 

United Kingdom 
British lunpirc 

•38,000,000 bushels 
318,000,000 bushels 

63,000,000 bushels 
690,000,000 bushels 

05*7 

1 16-9 

Barley 

United Kingdom 
British Empire* 

75.000. 000 bushels 

97.000. 000 bushels 

69,000,000 bushels 
126,000,000 bushels 

— 10-6 
29-9 

Oats 

United Kingdom 
British [Empire 

174.000. 000 bushels 

300.000. 000 bushels 

179.000. 000 bushels 

545.000. 000 bushels 

2 '2 

Si -6 

Maize 

United Kingdom 
British Empire 

39,000,000 bushels 

5 ^. 000,000 bushels 

35 ‘9 

Cattle 

United Kingdom 
British Empire 

10,700,000 head 
107,000,000 head 

T 1 ,800,000 head 

1 30, 000, 000 head 

1 03 
21-5 

Sheep 

United Kingdom 
British Empire 

29,800,000 head 
164,000,000 head 

31,800,000 head 
213,000,000 head 

67 

29-8 

Tea 

United Kingdom 
British Empire 

242,000,000 lb 

458,000,000 lb 

89-2 

Coffee 

U ni ted Ki ngdom 
British Empire 

58,000,000 lb 

39,000,000 lb 

- 32 *^ 

Cocoa 

United Kingdom 
British Empire j 

40,000,000 lb 

133,000,000 lb 

2325 

Sugar 

United Kingdom 
British Empire 

■ 50,000,000 cwts. 

57,000,000 cwts. 

14*0 

Cotton 

United Kingdom 
British Empire 

1,070,000,000 lb 

1,817,000,000 lb 

698 

Wool 

United Kingdom 
British Empire 

135.000. 000 lb 

928.000. 000 lb 

142,000,000 lb 
1,288,000,000 lb 

5*2 

38-8 

Jute 

United Kingdom 
British Empire 

20,000,000 cwts. 

26,000,000 cwts. 

30 0 

Rubber 

United Kingdom 
British Empire 

12,200,000 lb 

15,000,000 lb 

22*9 


* A bad year ; the crop in 1894 was 6i,ooo,orx> bushels 
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Indian crop output of this material has 
increased by almost a third in the last 
fifteen years. 

With regard to hides and skins, the output 
of ther British Empire may be gauged by the 
animals which it possesses ; and since 1895 
the cattle of the British Empire have in- 
creased by , one- fifth and her sheep have 
increased by one-third. 

It is unfortunately impossible to give 
definite statistics with regard to timber, but 
it may be said that Greater Britain is 
almost as rich in timber of various sorts as 
the United Kingdom is poor. 

Finally, it may be mentioned that the 
British Empire contains the greatest dia- 
mond mines of the world, the output being 
now worth over six millions sterling per 
annum, an increase of about one- third in the 
last fifteen years. 

The story of the wonderful development 
of the material wealth of the British Empire 
is told in the important table on page 491, 
which gives the output of twenty-twe^ of the 
chief commodities in 1895 1909. 

The Unique Resourcea of the Oversee Dominions 
nnd their Rnpid Advance 

In this table are given a series of notable 
contrasts between the productive capacity 
of the Motherland and the territories beyond 
the seas, and they show how enormously 
greater is the development of the British 
Empire than that of the Motlier Country. 
It helps us to realise, if only dimly, the 
magnificent and in some respects unique 
resources of the oversea Britains, and the 
extraordinary rapidity with which they 
have advanced in our own time. So far 
the development has been chiefly in the 
production of foods and of materials. It 
will be observed that the iron figures have 
not advanced with the tremendous strides 
of those relating to corn. Nevertheless, our 
study of the power resources of the Empire 
makes it plain that many parts of the 
oversea dominions may reasonably hope to 
become, through the possession of coal or 
of water-power, producers of manufactured 
articles on a considerable scale. 

Such is the inheritance of the modern 
Briton. The far-flung Dominions which own 
British sovereignty are rich in native fer- 
tility, in •metals, and in the supplies of 
energy which man has learned to harness. 
Here, at the Atlantic gateway of Europe, 
the Mother Country still wields commercial 
supremacy, and bases upon one of the three 
or four of the greatest power supplies of the 
world a gigantic and varied industrial out- 
put, utilising all the world's harvests and 
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mines and forests. Across the Atlantic the 
great Dominion of Canada is rapidly spread- 
ing civilisation from east to west of the 
North American Continent, and assuredly 
building up what ^ will become one of the 
greatest nations of the world. The produce 
of her fields and forests, fisheries and mines, 
is at present so much greater than the needs 
of her seven million people that she goes tc 
market with corn and meat, butter and 
cheese, fish and fruit, timber and hides, in 
enormous quantities. 

The Boundlcis Potsihilitiet of India;’ South 
Africa, and Australasia 

Eastwards we see the many peoples oi 
India still for the most part engaged in 
agricultural pursuits, and still for the most 
part exceedingly poor, but yet possessinf> 
boundless possibilities of development. Wc 
see her exporting corn and cotton and silk, 
jute, hemp, and hides, tea, and spices ancl 
dyes, to pay her way, and to draw in ex- 
change the manufactures of Great Britain. 

Away South, the newly made Union of 
South Africa, with its small white and great 
coloured population, has as yet given us 
but a hint of the economic developments 
which arc doubtless before her. At present 
she contributes to the export market 
chiefly gold, diamonds, copper, and wool. 
It is not upon the precious metals, however, 
that industry and commerce are built on a 
great scale. Coal is immeasurably superior 
•to gold, and iron to diamonds, in the 
mal^g of nations, and the well-wishers of 
South Africa must hope for the development 
of her power supplies. 

Far away in the Pacific the Southern 
Cross gleams upon tlie Commonwealth of 
Australia and the Dominion of New Zea- 
land. We liav^e seen how rich arc these 
lands in coal, or in water-power, as well as 
in fertility. Great and varied already arc 
the exports of Australia. She sells corn 
and . meat — of beet almost as much as of 
mutton — dairy produce and fruit, hides aiul 
skins, oil and tallow, copper and lead, tin 
and zinc, gold and silver, wool and leatliei. 

The Protpect of Enormous Development 
Under a Common Flag 

The Dominion of New Zealand, although 
consisting oi only about 200,000 families, 
already takes an important 'part in the 
world's commerce. She goes to market with 
corn and meat, hides and skins, timber and 
wool, in considerable quantities. We ha\ c 
already seen that the day may come wh<‘n 
the beautiful islands of New Zealaml, 
favoured with one of the best climates in 
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TlllC BUILDERS UP OF THE WORLD'S WEALTH- FROM THE PICTURE BV THE FRENCH ARTIST 

PAUL SINIBALDI 


the world, may do a thriving export trade Ini^ierial productive ]>owcrs, to cultivate 
of a very different character. and render fruitful vast areas which arc now 

Not until recent years has there been any economically barren, to redistribute popu- 
considcrable measure of realisation of the lations for their own and tlie world s great 
mighty potentialities of the British Domi- advantage, and to set the wheels of com- 
nions, and even now it may well be doubted mercc running with a tithe of the friction 
wliether any considerable proportion of the which now obtains. 

hundreds of millions of jicoplc who populate Given an Empire of enormous area, of 
them have any proper conception of wliat varied climate, and of splemlid resources, 
it is practicable to do by way of making the the duty lies before all the British peoples 
wealth of the Empire of the highest possible of conserving its natural advantages, and of 
use and value to those who have the good building not merely for the present but for 
fortune to inherit it. The possession of a posterity. It is a happy thing that at the 
common flag, and the possibility of ap- beginning of the twentieth century there 
preaching questions of commercial develop- are not wanting signs that those entrusted 
■uent without extremes of national preju- with the governance of these vast Dominions 
dice, should make it not impossible, before are rising to the height of the unparalleled 
many years have p^<}d, to co-ordinate opportunity which is theirs. 
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to Vv' a t.'K'tor \u llu- rL-lai’.vt" jin^poriitni of st-xes. for ciiiriiii^ siicli puriocis more hovs are bom than srirls. According to some 
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THE MINORITY OF MEN 

An Extraordinary Problem in Men and Women- — The 
Disturbance of the Natural Balance Between the Sexes 


IS IT POSSIBLE TO DETERMINE SEX? 


j r is doubtful if anything has so important 
1 a bearing on the general |)osition of 
human affairs as the proportiem of the 
numbers of the sexes. At the present time 
there arc in Great Britain considerably 
more than one million more ftunales than 
males, and some men of science are inclined 
lo think that out of this fact arise many 
of the chief problems of our society. The 
(‘xlraordinary feature in this inecpiality 
between the number of the sexes is that it 
occurs among a nation in which the male 
|)opulation is not kept down by warfare. 
It seems to show tliat the thinkers of the 
older school were somewhat incorrect in 
holding that war was the chief factor in 
disturbing the balance of the sexes ; and 
younger men of science are now casting 
about for some new theory which will cover 
and explain all the elements of the i>roblem. 

The tn^uble is that our sources of 
information are at ])resent limited. Only 
in highly civilised societies is the number- 
ing of the ])eople conducted in such a 
manner as to show clearly tlie relative 
numbers of the sexes at various ages. 
W’e are reduced to conjecture in regard to 
the Chinese race, for example. We know 
that among the negroes of America the 
j>rej)ondcrance of male over female births 
is either very small or non-existent. The.se 
negroes, however, live in peace and com- 
parative ]denty, and it would not be safe 
to presume that all the races of African 
ingroes exhibit the same balance between 
tin* numbers of men and women. 

We are thus confined, in our search after 
fairly exact and detailed information, to 
the statistics of the European races. The 
figures for the whole of Europe show that 
for every hundred female children born, 
til ere are one hundred and six males. But 
if a more limited range or a shorter period is 
t'‘ikcn, some deviations from this proportion 

race ^nd nTtions^ R I SB “of 


arc found. For instance, the following 
ratio of the sexes to each other between the 
years 1887-95 is given by Imigi Bodio. 
The figures show the relation at birth. 


Numbhr of Males for Kvery ioo Pemau^s 
Country Mcilos 

lojTi 

. . 104*5 

Switzcrljind , , 104*5 

France 104*0 

Hungary 105*0 

Germany 105*2 

Kussia 105*4 

Holland 105*5 

Austria 105*8 

Italy io5*y 

Spain 108*3 


Th(‘se figures give the numlicr of births, 
and they go to show that, in spite of the 
varying conditions, social and political, 
obtaining in tin* diif(*rent countries, the 
proportion in the num])erof male and female 
infants born remains nearly the same. This 
jiroportion, however, differs considerably 
from that of grown-uj) men and women. 
In Europe at tlie jin'sent time there are 
al)out 1024 women to every 1000 men. 
The excess of males at birth is more than 
made up by the gre;iter mortality of hoys 
as comjiared with that of girls. At about 
tlui twelfth to the fifteenth years tlie numbers 
become equal. After the thirty-fifth year 
the men die at a higher rate than the 
women, and this finally brings about a pre- 
ponderance of females. 

It is remarkable, however, that in the 
East of Europe and in the J3alkan Peninsula 
there is a striking exception to the general 
rule ; for in these regions there an^ more men 
than women. Tliis scenes to throw some 
light on the problem. In these parts of the 
world women work almost as hard as 
men ; they are equally exposed to the 
dangers of disease and the hardships of life, 

CIV ILI SATfON • Cl VlcY^ POLITIC 5 ' 
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and thoy tliorcftjro succumb in ubont the 
scinu* numlK-r, ;iiul tlic original proportion of 
the sexes is tluis inaiiitaiiK'd. On the other 
hand, this fact does iK^t serve fully to ex- 
j)lain the heavica* mortality among male 
children which generally obtains throughout 
Euro])e. Up to the age of thirteen, boys 
and girls as a rule lead similarly sheltered 
lives. It is- extravagant to suppose that 
boys receive from their mothers less care 
than girls, and the fact that fewer of them 
survive must be attributc'd to the more 
resistant i)owers of the female constitution. 

Why the Burden of Making Progress Falls 
Chiefly Upon Man 

No doubt men have more active strength 
than women. It has bc'en calculated that 
the civilised woman is little more than half 
as powerful as the civilised man. Perhaps 
a considerable j^art of the difference in the 
bodily ])owers of the sexes can be attributed 
to persistent difference in training, but it 
is nevertheh'ss ch'ar that man has naturally 
more power than woman. Woman’s blood 
is thinner and more watery than that of 
man. A man j)ossesses on tin* average 
5*2 million red corpuscles pcT cubic milli- 
metre in his blood, while a woman has only 
4*<) million corpusch's. Then' is no more 
conclusive* ('vidence of an organic difference 
Ix'twec'n man and woman than these tests of 
the blood. 'I'liey show that man is better 
fittc'd for an active and strenuous lift*, and 
they afford an explanation for the curious 
fact that he is the instrument of ])rogress. 
Man, as a rule, ])roduces the variations in 
bodily structun* and mental ecpiipment on 
which the evolution of tlie race dejiends. 
On him falls the burden of striking out new 
paths. He is more unstable ; he goes farther 
i)ackward and farther forward. Both idiocy 
and genius ari‘ commoner among nu'ii. 

The Woman who Stores Up Energy and the 
Man who Lives on His Capital 

Men, ill short, represent the progressive 
elemi'ut in human life, and women the con- 
servative elenu'iit. A grand diffenmee in 
plant and animal life lie's in the fact that 
the j)lant is concerned chiefly with .storing 
energy, whih* the animal is occupied 
mainly in consuming it. The plant, by a 
very slow process, converts lifeless matter 
into vital substance, spi'iuling little energy 
and living at a profit. The animal is unable 
to change lifele.ss matter into vital .substance, 
but it has develojied powers of activity which 
enable it to prey on plants and other live 
things ; ami, in contrast with plant life, 'it 
lives at a loss of energy. Some men of 
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science regard woman as the more plant 
like and man as the more animal-1 ik. 
form of humanity. Woman has to stor 
up energy for her function as a mother 
while man lives, so to speak, on his capital 
Man is by nature more active, more adven 
turous, more spendthrift of his powers 
and this is probably why he dies in greatei 
numbers. There is no need to put dowi 
the greater mortality among males entirel\ 
to that artificial instrument of selectioi 
which w'e call human warfare. Natun 
seems from the beginning to have made mci 
miisciilarly stronger more subject tv diseust 
and death than the mothers of the rac(' 
As a matter of fact, war docs not alway: 
seem to reduce permanently the inaK 
})opulation. 

Here we come to a curious theory whicl 
will perhaps illumine our own s]H'cia 
problem of the extraordinary prepondcraiici 
of women at present existing in England 
In an ordinary way, a long and terrihlt 
war results in famine. As a consequence 
the women of the race are not so well fi'd 
and .several famous men of science liavt 
shown that there is a connection betweii 
an abundance of nutrition and a prepoinkM 
ance of females, and between a scarcil\ 
of food and a prei^onderancc of males. 

The Birth of Boys in Poor Homes, nnd of 
Girls Among the Well-to-do 

The main facts in siip[)()rt of this theory an 
interesting. Furriers state that rich regions 
yield more furs from female animals, aiu 
poor regions more ])elts from male animals 
In mountainous regions, where life is lian 
and food scarce, more boys are born than ii 
the neighbouring lowlands. In Saxony, h’l 
instance, when the harvest is scanty, tlu 
birth-rate of male children rises in propor 
tion to the altitude of the country. 

As a rule, more boys are born in rura 
districts than in urban parishes, and it 
reckoned that this is due to the fact thai 
the diet of people living in cities is riclu i 
es}>ecially in meat, than the food of ordinal ) 
dwellers in the country. Then, in times o 
war, famine, and migration, more boys an 
also born, and it is generally agreed h\ 
men who have studied the subject thai 
there are more boys in the poorer families 
than in the families of the wcll-to-il‘> 
This point has recently been disputed h) 
Professor R. C. Punnett, who calculates thai 
in London in 1901 there were more ma]<“ 
born in fashionable districts than in tla 
slums ; but his conclusions have not boei 
accepted by Continental observers, wla 
worked with more definite material ; aixl 



WAR, THE MAKER OF WIDOWS & ORI’HANS 



' the footprints of war*' FROM F. W. LAWSON’s PICTURK IN THE ART GALLERY, LlVE.iPOOL 

ar is one of the factors in the problem of the over-balance of the sexes. It has been eslimaled thai 
Napoleonic wars robbed Frahce of eight million lives, and in striking down the father and the 
bread-winner war destroys the natural means of carrying on the race. 

IK D 74 
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as we shall see, another interpretation can 
be placed on the facts. It has been found 
tliroughoiit Kuro])c that when the cost of 
living increases, the number of marriages 
diminishes. This decrease in marriage re- 
sults in a decrease of the birth-rate, but a 
larger proportion of male children are born 
in these periods of general scarcity of food. 
With the recurrence of prosperity there is 
an increase' in the number of marriages 
and births, and the proportion of female 
children rises, though it never, of course, 
ecpials that of tlie males. 

The Great Majority of Women and Girls 
in the British Isles 

Everylliing thus seems to concur in ])ro- 
ducing in a Ihghly civilised and pacific 
community many nune women than men, 
and it seems as thoiigli the problem of tlie 
very unequal numbers of the sexes, which 
now troubles the Ifiitisli natioiji, will become 
universal as peace and civilisation spread 
over the workl. The figures of the census of 
i()ii show that there are in the British Isles 
1, 178, .^17 women and girls in excess of men 
and lioys. Wlu'ii savage and barbaric 
peoples are jXTplexed by an inordinate dis- 
turbance of the balance of the sexes, they 
oft(Mi resort to war, or strange and degrad- 
ing -marriage customs. A large increase in 
the male ])opulation st'ems naturally to lead 
to war ; the young men are unable to get 
wives, and the chiefs and elders arc at last 
ct)m])elled to find a vent for their energies 
by some act of aggression on neighbouring 
tribes which results in battles, II]) to recent 
tiin<‘s this was a constant source of war in 
Southern Africa. Moreover, it is prol)able 
t hat a ])reponderance of young males among 
the Tartars gave rise to thost^ wild, fierce, 
])eriodic ex])losions of force which disturbed 
the Moliammedan world, and swept over 
China, on the one h ind, and Russia, on the 
other, and threatened to overwhelm Europe. 

Were the Tartars Impelled by an Over* 
balance of the Sexes T 

The Tartars are indeed the most striking 
exainjile of a peo|fic impelled by an over- 
balance of the sexes. Living originally, 
like the natives of Australia, in a parched 
and desert land, they displayed in a very 
remarkable way the connection between 
poor nutrition and a ])rej)()nderance of male 
i)irths. Permanent hardships made them 
a nation of men, and incited them to war- 
like aggression. No doubt their- hard 
conditions of life tell on the male children 
more heavily than on the more resistant 
females ; and this serves to reduce the 
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inequality of the sexes ; but the general 
factor seems, as Dr. Wcstermarck observe ^, 
to work toward a predominance of males. 

Races with weak passions and little 
energy of character have been tempted h\ 
an excessive number of males to resort 
to i^olyandrous marriages, in which one witr 
takes several husbands. Polyandry occiiis 
chiefly among mountaineers, and it seeing; 
to be an indirect result of poor and scanty 
food, and a direct result of the exccssixc* 
number of male children produced by llu- 
starving rigour of this kind of life. Hcmv. 
again, the greater mortality among male 
infants may tend to restore the balance of 
the sexes, and the monastic system of the 
Tibetans may work in the same direction: 
yet, if our ])resent knowledge of Tibetan life 
may be relied on, the women still remain 
in a strange minority. Had the Tartars 
adopted, like the Tibetans, the easier and 
more degrading solution of the problem, 
they, too, would have lost their extra- 
ordinary virility. They undoubtedly chose, 
from their point of view, the better part in 
taking to warlike action. By keeping, on 
the whole, to the marriage between one 
man and one woman, they have retaiin *! 
their source of strength, and spreail from 
('hina to the Crimea. By repeated invasions 
they have diffused their blood among otlier 
nations, and many famous Russian iikmi 
of genius are partly of Tartar descent. 

The Observations of a Traveller in the Seat 
of an Ancient Civilisation 
• The problem of an ('xcessivc number of 
girls and women does not seem seriousK’ 
to have troubled any ])eo])le in the ])ast. 
It occurs in a ])ermanent form among races 
leading an easy life in rt'gions where food 
is abundant ; and it is solved by tlic 
custom of one man marrying scN'end 
women. The natural causes of jiolygann. 
however, seem to be found in only a small 
})art of the world. The famous trav(‘llci 
James Bruce, writing towards the end of tin 
eighteenth century, made some interest inj; 
remarks on the subject. 

From a diligent inquiry in the south ])ai t 
of Mesopotamia, Armenia, and Syria, from 
Nineveh to Aleppo and Antioch, he fount I 
the proportion to be fully two women to 
one man. “There is, indeed,*’ he says, “a 
fraction over, but not a considerable ()nc. 
From Latikea down the coast of Syria m 
Sidon the number is very nearly three, <>r 
two and three-fourths, to one man. Throueli 
the Holy Land, the country called Horan, 
in the Isthmus of the Suez, and the ])art^ 
of the Delta unfrequented by strangers, it 



GROUP II— SOCIETY 


is something less than three. But from 
Suez to the Straits of Babclmandcb, which 
contains the three Arabias, the proportion 
is fully four women to one man.” 

This region corresponds with the seat of 
one of the most ancient 
of civilisations, where, 
before the days of 
Abraham, the great 
li'itility of the soil made 
life pleasant and food 
rlieap and abundant. No 
Joiibt in the earliest 
biblical times the pro- 
portion of the sexes had 
lu'on gravely disturbed, 
w ith the result that poly- 
L;amy had been widely 
:ulopled. A great ]nirt 
of Ara])ia, however, is 
wild and Ixarren, and if 
Ihucewas right in stating 
that tliiu'c also the 
niimb(Tof women greatly 
ixeceds the number of 
iiK'ii, the acce])ted theory 
ol the connection bet wet n 
nutrition and an exet'ss 
of female Inrtlis would 
l)e expltjded. 13ut, as a 
matter of fact, 
it is now known 
that Bruce was 
incorrect in in- 
•Inding Arabia 
111 bis statement. 

Like many other 
M ohammedans, 
the B e d o u i n 
marries more 
tlian one wife 
when he can 
afford it, but lie 
i^^ monogamous 
as a rule, by 
fon t', of circnni- 
•'lances. As we 
^liould expect 
in S(j desert a 
country, the 
"omen are some- 
what smaller in 
number than 
fh«‘ men, and in 
ancient times the 

‘ii'^l^roportion was so great that the reverse 
of polygamy obtained, and one wife ofttm 
had several husbands. When polyandry was 
abolished, the Arab became for a time an 
^-^liial of the Tartar in expansive warlike 




THAT THKIlATKMO) JirKOUK 


'I'he 'r.'iriais, of wlioiii tlirsc arc ly|>c.s, aflcuil llic most sliikiiii; example t»r a 
people iiiipelleci to wild, tierce exp1iisii>iis off'on e by an o\iM'>b:ilaii« e of the sex vs. 


power. He swept the world from Spain to 
Persia, and hut for Charles Martel he would 
have become master of France. 

The polygamy of the modern Bedouin is 
only a fashion which be copied from his 
luxiirions neighbours. A 
warm climate, a fertile 
and well-wat(Ted soil, and 
an early knowib'dge of 
agriculture seem to have 
made ]>olygainy natural 
to the peasants around 
till' Nile, the luiph rates, 
the Tigris, and the shores 
of Syria and sonthern Asia 
Minor. Now and again, 
lierhaps, the balance of 
the sexes was tein])orarily 
restored wlii'ii oneof thesi' 
great ci\'ilisalions laid 
waste the territorii's of 
the others, and enforced 
a morir vigorous way of 
life on the famislii'd 
anti strickt'n inhabitants. 
Scarcity of food resnltt'd 
in an inert'ase of male 
cliildri'n, w li i c h some- 
tim(‘S t'liahled the 
vantpiished nation to re- 
t'ovt r by poverty 
, tlu‘ ]>nsilion it 
had lost by 
Inxnry. Bnttlien 
canu' a r(‘tnrn 
of jirosperity, 
and with it a 
sn])erahnndance 
of w o m e n . 

( ontint'ror after 
conipieror has 
swept down on 
this f i* r t i 1 e 
region, only to 
he first weakened 
and then broken 
by till' natural 
t e in ]) t a t i o n s 
to a 1 o w e r 
morality and an 
effeminate wa}' 
of living. 

Similar tempt- 
ation seem to 
li a V e obtained 
from an early limt' among the ('hinese, 
who also possessed the dt)nl)tfnl blessings 
of a civilisatitjii basetl on a very am})le 
supply of food. They are also said to bo 
troubled by an excess of women, and yet 
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they are monogamous as a rule. Whether 
they practised infanticide to any extent, as 
some travellers report, is doubtful. It is 
more probable that they have been saved 
by their simple way of living, their high 
morality, and the splendid eftects of their 
system of ancestor-worship. Sons are more 
necessary to a Chinaman than life itself ; 
for if he does not have a son there is no 
honour for him when he goes down to the 
dead. Thus, in China the naturally greater 
mortality among male children may partly 
be avoided by the care which the boys of even 
the lowest class receive from their parents. 

The Value of a Complete and Detailed 
Census of the Chinese People 

Unfortunately, w^c do not yet know 
sufficient about Chinese life to draw from 
it any sound conclusions. The people 
arc not numbered and sorted out and 
classified, as in the census returns of 
Europe. It is possible that when China is 
at last reformed, and the people numbered 
in a scientific manner, all the information 
nc)w given to us in scraps by missionaries 
and travellers may be found to be inexact. 

Undoubtedly a complete and detailed 
census of the population of China might 
hel]) us to solve our own })ressing problem 
of a superabundance of women. If the 
Chinese, unlike the inhabitants of the 
Hiblical lands, have escaped from the con- 
secjuences of a settled and ])lentilul civilisa- 
tion, they may be able to point out the 
way to us. Or we mav turn for informa- . 
tion to the races of India, who arc also 
reported to be inclined to polygamy, but 
com])elled l)y the natural balance of the 
sexes to keep generally to one wife. Both 
the Chinese and the Indians live on much 
less rich food than wc do, and there is a 
high jirobability that this is the direct 
causes of their general projmrticon in the 
number of the sexes. 

The Key to a Tremendous Human Problem, 

which may be Found In a Rose Garden 

Maiiy men of science who have gone 
into the matter have come to this conclusion. 
There is now accumulated a great mass of 
intricate and difficult scientific research 
on the subject of the determination of sex, 
but unfortunately no complete and definite 
experiment has yet been made. The deeper 
our men of science penetrate into this 
mystery of life, the more mysterious it 
becomes. It seems as though it will be 
long before we obtain the power over life 
possessed by certain insects. Bees and ants 
can perform miracles. By ^ving a larva 
richei: food than its companions they can 
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transform it from a neutral worker into a 
great queen-mother. One man of science is 
inclined even to believe that bees can 
control the number of drones they wish to 
produce out of the eggs the queen lays. His 
observations, it is true, have been strongly 
disputed ; but other researches have been 
made which have brought to light facts 
hardly less wonderful. 

Everybody who has a garden and tries 
to grow roses is sadly acquainted with the 
aphide, the insect which does great damage 
by feeding on rose bushes. In the summer- 
time, when food is abundant, it gives birth 
entirely to female offspring, and only 
when the cold weather comes are some 
males born. There can be little doul)t 
that it is not the change from summer to 
winter that determines the sex of tlu*se 
insects, but the amount of food the parent 
is able to obtain from the tree at the 
different seasons of the year. 

This is made clear by another experiment 
made by Professor K. Hertwig, of Munich, 
one of the most famous of living men of 
science, who experimented with a tiny little 
creature, called adaphnia, which hops about 
ponds and rivers and swamps. 

The Little Creeture which Hops ebout Ponds 

and Swamps, and has a Remarkable Power 

The daphnias were kept in various degrec^^ 
of warm and cold water, because it w.is 
thought that temperature was the dccidinj.; 
factor. In (ach case those placed in 
ordinary warm water produced only a certain 
kind of female offspring, and it was dis- 
covered that this result was due to the fact 
that the warm water was richer in food 
material than the cold water. For wluii 
the daphnias were placed in warm l)ut 
filtered water, they produced as many 
males as in cold water. 

It may be said that aphides and daplinias 
are a very low form of life, and tliat coi:- 
clusions based on examining them do ii“t 
ani>ly to creatures higher in tlie scale. This 
objection has, indeed, often been made b\ 
men of high authority. But E. Yung has 
shown that the frog, which is an animal <>1 
complex development, is still a bcttci 
subject for experimenting on the determina- 
tion of its sex. Yung fed tadpoles on 
different kinds of food. When the tadpoh 
were left "to themselves the percentage 
females was rather in the' majority ; the 
average number was about from foit\- 
three to fifty-seven in tlife hundred. In 
the first brood, by feeding one set wi^l^ 
beef, Yung raised the percentage of females 
from 54 to 78 ; in the second, by feeding 
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ilicm with fish, he raised the percentage 
from 6i to 8i ; while in the third set, 
w hen especially nutritious flesh was supplied, 
tlie percentage rose from 56 to 92. That 
to say, in the last case the result of 
high-feeding was that there were 92 
foinales to 8 males. When we pass to 
liigher animals, the difficulties of proving 
the influence of nutrition ui)on sex are 
iniich greater. Yet there are many obser- 
vations which go to increase the cumulative 
evidence. I-ong ago an important experi- 
ment was made by Girou, who divided 
a flock of 300 ewes into equal parts, of 
which one- half ^ 
w e r e extremely f 


preliminary account of some new investi- 
gations in regard to sex determination in 
animals. After reviewing all previous 
theories on the subject, Kowalewsky 
comes to the conclusion which we have 
maintained in this chapter. He holds that 
poor nutrition in the female parent is con- 
ducive to the production of male off- 
spring, and that rich nutrition is conducive 
to the production of female offspring. In 
other words, an abundance of food and a 
good digestion enable a female parent to 
store up a great deal of cnerg}", and this slie 
hands on to the race by giving birth to a 

daughter. We have 
already seen that 


fed, while the 
others were kept 
on poor food. In 
the two cases the 
|)roj)ortion of ewe 
1 :i ni b s was re- 
spectively 60 and 
40 ]) c r c e n t . 

Another observer, 
C. Dhsing, has 
noted that it is the 
lu‘avierewes which 



girls, in spite of 
their apparent 
weakness, have a 
in o r e resistant 
constitution than 
boys ; so it is 
n o t remarkable 
that they should 
be born in greater 
n u m b e r s by 
well - nour i shed 
mothers. Kowa- 


usually bring forth 
i we lambs. 

Again, this evi- 
dence has been dis- 
])uied, especially 
hy the followers 


A TINY CKKATUKK WITH A KKY TO A MOMKNTOUS 
PROBLKM 

This little inscft, <.alle<l a (haphnia, which s|hmkI.s its life hoppiii,:; ahonl pomls 
and .swamps, t-ives birth only to feiiiaje olVsi»i ioK in warm water, wheie foiul 
is plentiful, and oidy to male ofTspiitijL; in cold \%ntei', where fi>(>d i> pDor. 


lewsky conducted 
hisex]>eriineiits on 
guinea-pigs and 
rabbits, and his 
researches w* e r e 
e xt rao rd inarily 


of Auguste Weismann. Weismann is a Dar- thorough.. He placed iiikUm* the microscope 
winian of the extreme school. He will not the tissues of some of the animals on which 


iidniit that anything except the selection of he hatl experimented, he traced the effect 
the fittest has any influence in the evolution of of nutrition upon tli(*ir siipj)lY of blood, and 
life. This way of thinking, however, has now he showed clearly in what way this supply 
been overturned by researches made by of blood acted in producing mule offspring 
students of both animals and plants. Men of when it was poor apd female of£sj)ring when 
sc ience of the new school believe that life is it was rich. He then went on to examine 


more responsive to every kind of stimulus the actual effects that the conditions of 
Ilian Weismann fancied, and they hold tiiat life have on the blood of woiik'ti, and 
‘ xlernal influences more often mould the he showed that these effects would make 


various forms of life than destroy all the 
variations ai d leave only one to flourish. 

I aider the influence of Weismann 's 
ilicory, many men of science gave up the 
pioblem of the determination of sex, 
tl linking that it was incapable of being 
; but now that theory is becoming 
niodified, many new and enlightening 
1 ‘ Searches arc being undertaken. Professor 
He rtwig, of Munich, is the leader of the new 
bool. He has attacked the most difficult 
ot all problems — the problem of the cell— 
‘^nd he seems to be working his w^ay to- 
^vard a solution. One of his pupils, 
^Ir. S. Kow^alewsky, publislied in 1911 a 


the Tartars just what they are a race 
remarkable for the ])re])on(lerancc of men 
and boys over women anil girls. 

It thus seems that we are at last in a way 
to obtain some knowledge of that mystery 
of life which from the social point of view 
is of enormous importance. We are now 
beginning to be able to see by wliat means 
Nature has maintained the balance of the 
sexes. We have numerous exam})les in 
history of wars and other social up- 
heavals, where males have largely suffered, 
and yet where, within an apparently short 
period of time, the proportion of the sexes 
lias been re-established. This goes to show 
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that some mechanism must exist by means 
of which the number of males and females 
born is regulated. Tlie sex-equilibrium 
may be compared to that of a gyroscope, 
where the greater the disturbance of 
])osition, the greater is the force tending 
to re-establish its natural stand while in 
motion. Tlie facts regulating the pro])ortion 
of the sexVs must be something of the same 
ty])e ; tliey are such tliat, the greater the 
oscillation in any one direction, the greater 
must be the restraining force that curbs 
and neutralises the movement. 

The Wild, Destructive Energy of Men who 
Cannot Find Wives 

Nature, however, uses rough methods. 
When a race is troubU*d by a superfluity of 
young nu*n unable to obtain wivc'S, an<l hard 
put to it to get a living, a tierce, angry, 
warlike si)i]it is born from the; general dis- 
content. As a rule, such a race at last 
ex])lodes in wild, destructive' enc'rgy ; there 
are often inte'rtribal wars, from whicli there 
emerges some great cajitain, like Tamerlane, 
who directs the young men from victory 
to victory over richer nations. Famine 
and [>overty, on the other hand, are the 
mi'dicines given to nations whose luxurious 
ways of life are leading to a su])erfluity of 
women and to lh(* polygamous marriages 
which end in making a superfluity of women 
almost a social necessity. Pi'stilence has 
also been one of the terrible scourges 
whereby nature has driven man back into 
a natuially monogamous state of so('ie(\’. 

It may be thought that at ])resent there 
might seem to be no balancing force in the 
civilisatiem we are now spreading over the 
world. We are coiupiering the agents of 
disease and discov('ring new sources of food 
supply, and thus increasing the influences 
which disturb the e(]uilibrium of the sexes. 
Instead of going back to a simpler and a 
hardt'r life, we are bin'orning luxurious. 

The Natural Restoration of the Balance 
Between the Sexes 

An ordinary artisan now has set daily on 
his table at meals articles of food which 
kings could not Iiave commanded a few 
hundred years ago. The standard of living 
is continually rising, and wages are being 
forced up to meet . the increased cost. 
P(*stileTU.-e and famiiu' are practically sub- 
dued. The progress in science and rnacJiinery 
makes tlieir abolition certain. So llierc 
remains only war. and this, t(u), is a dimin- 
ishing menace. Onl\' the most highly 
“ civilised ” nations can -low destroy each 
other, for they alone pos.se.ss' tlie awful 
instruments of destruction necessary to the 


purpose ; but they arc growing too close I \ 
connected by commerce and finance and 
common culture to act towards each otlm 
as the Tartar and the Huns acted toward'^ 
the people they vanquished. Even if oik 
of the great Powers were defeated by a ri\’;i]. 
its way of life would not be changed ; it 
might lose some territory, and have to j);i\ 
heavier taxes for five or ten years in order in 
discharge tlu; war indemnity, but it wouhi 
not suddenly be plunged from luxury into 
extreme ])()verly. Modern war, therefore, 
would not serve the purjK)se for whicli it 
seems to have bc'en' originally use'ful. 

Yet, in S])ite of all this, there is sonn- 
reason for thinking that the balance of tin- 
sexes in our country will be restored witliin 
a few generations. Nature seems as sul)ll(' 
as slie is strong: finding that she canimt 
maintain the equilibrium by means of tlie 
old forces of war and famine, she is em|)!(/\- 
ing more unusual means. Among tlu^ m w 
economic conditicais of our industrial ci\ il- 
isation, none has been more geiu'ialU 
deplored than the growth of luxury wliicli 
leads to late marriage's. 

The Far-reaching and Unsuspected Effect 
of giving Woman an Alternative to Marriage 

Young pi'ople will not begin married lih* (ni 
the small means on which tlu'ir grandjiareiit" 
began. Perhaps our millions of busiiu"''' 
girls, factory girls, and servant girls havr 
acquired a stronger spirit of independem r. 
l^larning a considerable sum of money thnn- 
selv('s, and being thus able to indulge llirir 
tast('s for some of tlu' showii'r ])leasures ol 
life, they want their lovers to be compaia- 
lively well off before they fix the weddin.!J- 
day. In short, they have an allcrnatiiv li> 
niarrta^c, so tlu'V lengthen the pleasant l\ 
irres])onsible period of ccnirtship. 

The young men, too, are also moved hv 
a zest for the amusements of the town. 
Until they are getting a wage whicli will 
keep two in comfort, they do not serioiislx 
think of marriage. The best of them strugi^l^' 
and save in early manhood with a view i" 
givdng their future wives as good a home 
the fathers (d the girls weic able to estal)li-li 
late in life. No doubt many young cou['l< > 
among the working classes still face lih 
together at an early age ; as the yonnx: 
artisan often earns as high a wagi^ as dn* 
older men, he is enabled tp marry eailni 
than the men of the middle classes. 
the same influences are working throughout 
the nation, and the working populati"" 
generally is becoming more pleasure-lovinLi. 
and putting off to a later period of Jif<‘ 
frugalities that follow on marriage. 
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Now, the older a woman is, the smaller is 
;lio store of energy she possesses. It seems 
though at about the age of thirty she begins 
[() live on her capital-fund of nutrition, as 
iiirii <lo. The line ])hysif[m? of the motlern 
illiletic girl appears to be produced to some 
•\tent by the fact that she remains single for 
I much longer time than her grandmoth(*r 
lid. An English bride of thirty, trained in 
jpeii-air games, f)ften a]:)pears as splendid 
m embodiment of womanly beauty as ever 
xisted in the world, but, as a matter of 
t,K t, she is living on her energy, instead of 
storing it up. 

So, by a different and m()re plt‘asant road, 
lilt' Juiglishwoman arrives at a position 
dmilar to tliat ()ccu])ied by thi' hard-workt‘d 
iiul iiiuler-fed Tartar girl. In other words, 
die becomes the mother of boys. This is 
probably the true exjdanation of Professor 
K. ('. Punnet t’s surprising figures of the 
Ncess of male birth in well-to-do districts of 
l.ondonas compared with t liet'xcess of femali*. 
hivllis in ]M)orer districts. All urban classes 
lie now fairly well nourished, on the whoh*; 

it is only the age of the mothers and fathers 
that tell ; and this age is lower among the 
London pt)or than among the ])rofessional 
and mirldh^ classes of the ])o])ulation. 

The Age of the Mother which Seems to 
Affect the Sex of the Child 

I'he effect of the modern late marriage 
ill restoring tlu^ balanci' of tin* sexts was 
rerently discovert'd by Dr. R. J. Jtwarl. 
Ih'it* are his tables giving the relati(in of 
dll' age of the mother to the sex of I lu' chihl. 


All l".irths 
lip to 

M:ilcs 

rVniJiles 

Mules }H*r 

1 000 I’Viiiales 

iwtli yriir.. 

T) 

1 1 

( 

^’pli vein-.. 

2 20 

2 ( k \ 

^5(1 

yt’ar.. 

■»-i 7 


(>0O 

O**' S’CJU’.. 

7IO 

017 

lot )0 

Viili yciir.. 

720 

7^5 

1007 


1 1 taken between the stated ages, the 
*ij;nres are as given in the following table. 



Males j 

reinaJcs • 

1 

M.'iles per 
1000 l‘'e 111 ales 

All liirilis up to 
1‘ttli year | 

2y 1 

1 ! 

44 


• »"iM 20th to 
-pli year in- 
*!iiMve 1 

1 

1 1 

220 


to 

-Mth year in-| 
, ' 'usive 

iSo 1 

1 

j 

If)2 

i 

1 1 1 1 

to.iu ^vtth year 
alter .. j 

155 

1 

1 1(>5 


It thus appears that young mothers have 
a tendency to produce inort' daughters than 
sons. W'hile, at more mature agt*s there is an 
excess of malt' childrt'n. 'riiert* is tht' same 
difference in the offspring of young fathers 
and mature fathers ; so that wt' can easily 
see how a self-regiilated balance of the sexes 
is establislu'd. In a state of society in 
w lich women are scarce, there is a great 
d ‘inand for them in marriage. 'I'herefore 
they naturally wed early in life, and thi'ieby 
tend to j)ro(hict‘ an t'xcess of feinalt' children, 
thus neutralising the condition of things 
which ri'Ct'iitly I'xistetl. Should the men be 
in the minoritx'. on the otlit'r hand, tin* 
women will mans' later in lile as is at 
prest'iit the case and an t'xcess of male 
children will result from these marriages. 

A Natural Tendency which will Probably 
Put Men in a Majority Aj^ain 

Thus the natural tendency at the ]U'esent 
lime is to iu‘utralis(‘ the, siij)erlluity td 
women. Such is Dr. Iswart’s llu'ory. He 
has not yet |)i()\'ed one ])art of it, perha|)s 
that which makes an I'xcess of women 
n'sult in raising the nu*an ag(* of maternity, 
llappils’, another factor, as W(' has e shosvn, 
is concurring to this I'lid. 'LIh' growing 
ind(‘pendenc(‘ of a largi' number of girls 
svho, by leason of tlu'ir svork in factories, 
households, and olhces, have an alternatis'e 
to married life is nosv bringing about a 
geiu'ial decr('as(‘ in early marriages. 

We may regard tlie Ihitish nation as now 
being at an (‘xtras’agant height of femah' 
pn'pondi'rance, bnl in the natural course of 
things a inon* numerical I'cpiality of the si'xes 
will 1 h' I'stablished ; and sve can prol)ably 
(inickt'ii the natural conrs(‘ of things by 
helping by esary UK'ans that lie's in our 
j)osver te> save the childri'u of tlu^ nation 
from piematnre deatli. 

The New State of Things which Would Solve 
Many of our Social Problems 

A high and ('iilightened standard of 
morality is very important ; and, in so far as 
education increases one’s ])osver of st'.lf- 
cenitrol and introduces nesv interests in life, 
it also helj)s to pia;sa*nl s cry (;arly marriages, 
thus increasing tlui preponderance of male 
births. If the present rate of progress is 
maintained, an average inarriagii rate of 
from tsventy-seven to tsventy-eight >i‘ars 
might j)robably ])r()duce a population in 
svhich boys and men are at all ]X'riods in 
e.xcess of girls and svomen. When this 
happy stall! of things is re-established, some 
of the most dangerous of the social problems 
of our age svill be sols'cd. 
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THE NEW MANKIND 

The Grave Problem of the Falling Birth- 
Rate and What it May Mean to the World 

WHO WILL CARRY ON CIVILISATION? 


I F any ])olicy is to succeed it must have 
rcganl to the nature of the facts with 
which it proposes to deal. Above all is this 
true of eugenics, which has more complicated 
facts to deal with than any other science. If 
we desire to improve the cpiality of future 
generations, we must know all we can of the 
manner and degree in which the generations 
succeed one another. In fact, that is the 
])roblem of heredity, but primarily it is the 
jiroblem of births and deaths and marriages, 
as we shall see. 

The law of the ])rcssure of population 
taught us that the eugenist must concern 
himself with the rate and the manner in 
winch populations increase. The natural 
growth of population depends on the excess 
of lurths over deaths. But such factors as 
emigration and immigration play a most 
important part, far more important than 
wi* realise, for they usually involve change 
not only in numbers, but also in cpiality ; 
and there are facts of the birth-rate, as in 
Ireland, which can only be understood by the 
study of emigration. 

This is the ])roblem, cjf vital imports and 
exports, which most politicians have yet to 
discover. But, in the first jdace, we are 
bound to study the natural increase of 
population, which depends upon the fact 
that, from year to year, the number of births 
exceeds the number of deaths. We may 
reckon, for any population, the number of 
l)irths per annum per thousand of the 
population, and similarly the number of 
deaths. Tlicse figures will be the birth-rate 
and the death-rate. Apart from emigration 
and immigration, the population will in- 
crease if the birth-rate exceeds the death- 
rate, vice-versa. So far, all is simple. 

The normal tendency of all forms of life 
whatsoever is to increase and multiply, 
though multitudes die, more are born. 
I'hcre is no internal limit to the growth of 


population — except in the strange case of 
man’s volition - and so it grows as far as it 
can. It is arrested by competition with 
other forms of life, by lack of food, by over- 
crowding tending to i)roducc disease, by 
war in the case of mankind, and by other 
causes, but normally its tendency is to 
increase. As the dominant being of the 
world, able not merely to multiply as far 
as food will let him, but also to call new food 
into being, thus multiplying further, man 
everywhere tends to have a higher birth-rate 
than death-rate. Hence the growth and 
})ressure of population and half the facts of 
lii story. 

But man, though unicpie in his increase, 
has the lowest birth-rate of any living being 
in proportion to his size — a (pialification " 
which excludes the case of the elephant ; 
and, as Darwin pointed out, the fulmar 
petrel, though probably the most numerous 
bird in the world, lays only one egg. These 
facts suffice to show that no practical or 
useful understanding of the birth-rate is 
possible unless we also take into account the 
death-rate. On the evidence of the birth- 
rate, man and the petrel ought to be the 
rarest of mammals and birds respectively, 
but they are the most numerous — evidently 
because of their low death-rate. The bird 
produces only one egg, hut she takes care of it; 
and though man is the slowest of breeders, 
and though an enormous pn^jDortion of his 
offspring fail to reach maturity, yet that 
proportion is far smaller than in the case of 
any other species. 

These general considerations require state- 
ment, simple though they be, because i)cople 
who do not clearly sec the connection 
between the birth-rate and the death-rate 
fail to understand how the population of a 
country may rise rapidly while its birth-rate 
falls rapidly ; and many people suppose that 
the population of France is decreasing 
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because it has such a very low and ever- 
falling hirth-rato, whereas the fact is that the 
[)opulation of France just increases. Unless 
WQ realises that increase and decrease are 
Llependent upon the ratio of birth-rate to 
death-rate, of course we shall go wrong. 
Again, the (leriuans increase their popula- 
tion by just two babies to our one every year 
— one Of the few most important of i)olitical 
facts and one finds many people who 
suppose this to mean that the German birth- 
rate is twice ours, and many more, who 
::annot understand how Germany comes to 
have a much higher death-rate than ours. 
The (i(*rman birtli-rate is really lujt so very 
much higiuT than ours, but (kTiiiany’s 
po])ulation is far larger, and so the absolute 
number of births is far greater. This 
nanains true, even though the (German birth- 
rate is now falling witli extreme rapidity. 
As for th(* fact that the (h*rman death-rate 
is higher than ours, that does not prevent 
her ])opulation from increasing more rapidly 
if she provides babies enough, as she does, 
but a])})arently will not do for long. 

A litthr reading and practice soon ac'cns- 
tom us to dealing with th(^s<* rudiments of 
the sub-scienc(‘ wliich is called Vital Statis- 
tics ; and certaiidy there is no science of 
which jxditicians and th(‘ public are more 
ignorant, and of which the elements should 
b(* more widtdy known and understood. 

The Capacity of a Nation to Reproduce 
Itself 

Obviously, a ]X)pulation may increase 
more rapidly than ever by increasing its 
birth-rate, or by diminishing its death-rate. 
The numerical result would b(' the same, but 
the coni|iosition of that population will be 
fpiite different in the two cases, and, so far 
as |)rogress and eugenics are concerned, the 
two an*, worlds a|)art. To name only t)ne 
incidental point, the |)opulation due to a 
liigh birth-rate will be, on the ava^rage, many 
years younger than that due to a lowering 
[)f the deatli-rat(‘. This age-constitution of 
a nation j^rofoimdly affects national temper 
and policy at any given time, and it still 
more profoundly affects the national future, 
for the capacity of a population to reproduce 
itself depends upon the proportion of young 
ind mature people in it. Anyone who 
looked at the very low birth-rate of Ireland 
might be horrified, and would certainly be 
misled in his conclusions, if he did not realise 
that here is a ])opulation which is largely 
bereft of possible parents, not in this case by 
leath, but by emigration. These matters of 
the age-constitution— and not less of the seje- 
:onstitution — of a population are vital to 
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our understanding of its real condition and 
its pn)bable future. 

Now, if we survey the whole of civilisation, 
we find that a fall in the death-rate is a 
general and continual fact. Very largely, 
civilisation sim])ly means a falling deatli- 
rate — that is, the maintenance of life and the 
postponement of death, by drainage, sanita- 
tion, water supply, protection from weatlu'i* 
and wild animals, and so forth. 

The Death-Rate that has heea Falling from 
the Dawn of Life 

The fall in the death-rate is, indeed, not 
merely a fact of civilisation, but a fact of all 
progress in life, as Herbert Spencer 'pointed 
out long ago. The death-rate has been 
falling from the dawn of life, as life has 
gained upon nonentity and death. Man 
has by far the lowest death-rate of any 
living creature; his death-rate falls as lu‘ 
])rogressos ; it is lowest in the highest civilisa- 
tions and th(‘ highest parts of such civilisa- 
tions, and is highest in tlu? lowest. 

Within the last three-quart t‘.rs of a 
century the death-rate has greatly fallen in 
all the ])rogressive countries ()f the world, 
and with ever-iin n^asing spet^d. In recent 
\Tars the rate of decline has been astound- 
ing. It will be still more so when we take 
infant mortality, the chief item of any 
death-rati^, human, animal, or vegetal)le, and 
deal with it as we should. Tin* nevV figuri*s 
for (ireat Mritain, provided by the census 
of the pre.sent year, owe far more than has 
yet !)een pointed out to the great campaign 
against infant mortality which was begun 
nearly a decade ago, and which has been 
chielly responsible lor the great fall in tin* 
gtnieral (U’ath-rate. 

The Right to Live and the Right to Carry 
on the Race 

The fall of the deatli-rate is a detinite 
and certain accompaniment aiul ally ol 
])rogress, and even of (nigenics. True, 
there are those W'ho di‘plore it on the ground 
tliat it involves the survival of many who 
would be “ better dead.” Such persons hav(‘ 
not grasped the root-idea of eugenics, 
which acts not by death but by birth, and 
seeks to re[)lace the selective death-rate ot 
the })ast and of the animal world with a 
selective birth-rate. Eugenics disputes tin- 
right of none to live, ancl to live as long a- 
possible. Its unique characteristic is that 
it distinguishes, as neither , the natural 
world nor barbarism can distinguisli. 
between the right to live and the right to 
become a parent. The riglit to live we 
question in no case, nor do* we pn)pose to 
achieve progress by the restoration of the 



GROUP 12-EUGENICS 


primitive method wliicli slew the incapable, 
the lame, the blind, the weak, and the 
l^eciiliar. That would be progress back- 
wards, and it is not for the eugonist. The 
fall in the death-rate is to be welcomed and 
accelerated, and the utmost is to be done 
for the prolongation of every human life. 
Many such lives slunild never have come 
into being, but eugenics should have 
spoken in time. Nenv it must hold its peace 
as n^gards these individuals and the death- 
rate among such individuals, but must 
s[H'ak as regards the birth-rate among them. 

Let it be granted, then, once and for all, 
that eugenics has no direct concern with 
the death-rate, but welcomes its decline, 
ever3^where and alwa\’s. It is entitled to 
sav’^ that such-and-such children should 
probably lx* born, and that such-and-such 
should j)robablv or ctTtainl}^ in many 
cases not be born ; but as regards all 
I'Msting individuals, eugenics has no rights 
whatever, except to make tlu‘ most of them, 
h'urther, this applic'S to the whole death- 
rate among all individuals, th(' healthy 
aiul th(‘ diseas(‘d, the sane and tlu' insane, 
th(‘ old, tile \'<)ung, and the unborn. And 
now ^^'e can turn to our ])r()per concern, 
which is the birth-rate, but (ml\‘ if \vv, realise 
one furtln'r fact of gr<’at im])ortance. 

The Point Beyond which we Cannot Alter 
the Death-Rate 

The increase of ])opulations depends upon 
the fact that birth-rates excis'd death-rates. 
If dt‘ath-ratc‘S fall, then^fore, populations 
may continue to increase, and may main- 
tain their rate of increase, or slightly raise 
it, as Great Britain did in igoi ii, even 
though the birth-rate be falling b\' leaps and 
hounds — as it did in (ireat Britain during 
that ])eriod. We observe this circumstance 
with satisfaction, and with nwived hopes, 
hut our satisfaction is short-lived if we 
continue to think. For evidcMitl^" there is a 
point be\-ond which we cannot lower the 
(l(‘ath-rate, and the |X)int is being now 
approached. True, science ma\^ some day 
abolish death, with whatever consefjuences 
for life, but meanwhile we must all die ; 
and even if we all die of old age there must 
icniain au irreducible death-rate. It follows 
that w’v. cannot iiuh'tinitely regard with 
' quanimity the fall in the birth-rate. That 
hall may and must be compensated for to 
the utmost by a fall in the death-rate, but 
ill the long run, evidently, death will have 
Its way, and only birth will keep us going. 

Now, what are the real facts of the birth- 
t ate ? In general, they arc j^recisely parallel 
to those of the death-rate. . J ast as wc saw in 


that case, the birth-rate falls as life ascemls, 
being highest among bactmia and lowest 
among, say, hishoj)S or ])hilosophers. It 
falls as civilisation advances, and it tends 
to he decidedly low(‘r in the higher strata 
of any civilisation. All this was exj)ressed 
by Herbert SjX'ncer lialf a century ago, and 
tlie subsequent decades liave jnstilied him 
in tills, as in many other matters. Onwards 
and upwards from the dawn of life the 
tendency has Ix'cn towards fewer births, 
few(T deaths, and more living. This is 
what we should expect if we understand the 
general theory of Life and its concerns. 

TKe Conflict between Right and Right which 
is the Tragedy of History 

But, unfortunately, in this age-long 
advance of ours, mankind does not keep in 
line ; and then there is conflict and iliHi- 
cnlty, conllict often not between right 
and wrong, but between one kind of right 
and anotluT kind of right which is, as 
the (rermau philosopher Hegel said, the 
greatest tragedy of hisloiy. I'he hirth- 
ralti falls not ecpialls', st(‘adily, and for 
the purpose's of life, throughout mankind, 
hut uneepiallv, inconstantlv, and too often 
not at all in the' se'rvice of life, imich less 
of (‘ugenics, hut in the* service of de'atli 
and corrn])tion and luxury — which is de-ath 
to the' soul. And, above all, the birth-rate' 
e)nly elexds with nunihers anel einantitv, as 
if all l)al)ie'S — black, \e‘llow, anel white*, 
he'altliy or dise'ase*el, l)e)rn e)f wise and kind 
e)r e)f unwise* and mikinel ])are‘nls we're* 
eepial. Hemce the birth-rate and its fall is 
ne)t a sim})le matter, hut erne e)f the* most 
e'e)mj)licate.'d that we* can stnely ; anel tliis 
natural coniplexil}' has lately been inve)lved 
with another, which increase's it Ixyoiul 
estimatie)n — naim'ly. the, ]x)ssil)ility e)f the 
vedunteiry ce)ntre)l eif the birtli-rate and the 
establishme*iit e)f a non-sexpience between 
e)ur e-e)nduct anel its natural consequences. 

The Rise of Germany and Japan, and the 
Fall of Australia and France 

These are facts wliich are)use^ all manner 
ed prejiielice, and eliviele men inte) partie's. 
i^ach e)f whicli strielentlv claims the 
me)ne)j)oly of me)rality, anel truculenllv 
denenmccs all whe) de> not belong to it. If 
the Eugenist is to serxe; liis cause, it 
behoves him to sixxiel long time in ]ue- 
liminary study ; anef, inelee'd, he will tinel 
the time so le)ng tliat lie^ will never re'aeli the* 
stage e)f ill-will, foedish satisfactit)n. and 
fexdish despair which most cemime'ntators 
upem the birth-rate display. 

To assert conseepicnccs is one thing, te) 
allot praise and blame without close 
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analysis is another. If we find the birth- 
rate of Japan rising, and that of Australia 
falling ; if we find Germany adding some 
eight or nine hundred thousand to her 
population every year, and France only a 
few score thousands ; if w^c find similar 
contrasts between the native and white 
populations of South Africa, and between 
the Dutch and British sections of the wdiite 
population — tlienwe inaysay that this policy 
of control of the birth-rate, nationally con- 
sidered, is disastrous ; or, at any rate, 
disastrous to national or racial aspirations 
and identity. But this is very different 
from the rude and crude comments upon 
this complicated phenomenon, containing 
so much right and so much wrong, in which 
many distinguished amateurs have per- 
mitted themselves to indulge. Here let us 
be scientific first. 

If this be our aim we at once discover 
that, though what wn usually call the birth- 
rate is a very necessary and useful figure, 
we require another which is only one degree 
less imjxn'taiit. To state tliat there is no 
birth-rate in, say, a home lor tlu^ aged, is not 
worth doing ; and it follows that unless we 
know, for instance, tlie ])roj)orlion of the 
aged in a ])opulation we cannot understand 
its birth-rate, though we may state it. 

The Only Proper Way to Understand the 
Birth-Rate 

If we are to roach the stage of understand- 
ing, we must in every ciise make allowance 
for the sex and age composition of the 
]X)])ulation we are studying ; and the figure 
wc obtain when we have made these allow- 
ances is called the corrected birth-rate, 
while the other figure is called tlie crude 
birth-rate. We can never com])arc dif- 
ferent nations or po]:)ulations, nor can we 
even begin to understand- -though we can 
much more than begin to misunderstand — 
the facts of any ]K)pulation, until we possess 
both the crude and the corrected birth-rate. 

The crude figure has its own evident value, 
for numerical consequences. Thus, wxt com- 
)are the crude birth-rates of Russia and 
^"rance in 1850 and in iqoo, and we at once 
understand why Russia is, numerically, at 
the head of the Great Powers in both years, 
whereas France was second in 1850, and last 
but one— Italy being last — in 1900. But 
we require to know much more than 
numerical consequences. We want to know 
consequences in quality as well as quantity, 
and wc want to know how, where, and why 
the changes in birth-rates occur. For tlxjse 
purposes both crude and corrected birth- 
rates arc essential ; nor is any more striking 
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illustration of this to be furnished than that 
of Ireland, “ the disthressful country,'’ 
whose distress is fundamentally dependent 
on just those matters which politicians have 
always forgotten, and which Eugenists 
should teach them to remember. 

The crude birth-rate of Ireland is ex- 
tremely low, and approximately the same 
as that of France. Yet France has thrown 
over its allegiance to Roman Catholicism, 
has restricted its birth-rate to the most 
extreme degree on record, and now possesses 
the most striking example of what Bertillon, 
the great French statistician, 'calls a 
“ diseased birth-rate.” 

The Sad Cause of the Low Birth-Rate in 
Ireland 

On the other hand, Ireland has not 
renounced its allegiance to its priests, who 
speak for a Church which absolutely for- 
bids the voluntary control of the birth- 
rate ; and wc know that Irish families arc 
large. Are we to conclude that, though 
Irish tamilics arc large, most of the Irish 
have undergone some subtle change ot 
feeling or capacity which prevents tluMii 
from mariying, though similar people in 
other countries would marry and contribute 
to the birth-rate ? Not at all. 

The corrected birth-rate differs from the 
crude birth-rate in making allowance for the 
lamentable shortage of marriageable women 
in Ireland, or, to be accurate, of women 
from the age of fifteen to forty- five. Tlxise. 
everywhere and always, are the immedia(( 
source of the birth-rate ot any country f)r 
community or class. Now, the corrcct(‘il 
birth-rate for Ireland is found to be ex- 
ceedingly high, at the very op])ositc ])C)le 
from that of France, similarly corrected. Il 
is anything but a diseased birth-rate. 'I'lic 
Irishwomen who exist, at the re])roductivi' 
ages, produce many children, htU Ireland 
is x&ell-nigh bereft of such women. 

The Scientific Remedy for the Distress of 
the Emerald Isle 

Here the study of both crude and cor- 
rected birth-rates, and the comjiarisoii oi 
both, in two countries, reveal what tlir 
crude birth-rate alone not only fails tn 
reveal, but completely conceals. And thus, 
while France and Ireland both have dis- 
astrously low birth-rates, and would hot!) 
be better for their raising, totally diffen'iit 
remedies are required in the two cases. Tin* 
French require something to persuade them 
to produce children. The Irish requin 
something which induces or enables a larg<‘' 
number and proportion of young and 
mature women to remain in Ireland. Thai 
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I liese globes represent the comparative sizes of the chief cities of the world at their last censuses, and 
tJicse figures show the population of each at that time : London, 7,252,963 ; New York, 4,766,883 ; Berlin, 
.'{,712,000; Paris, 2,846,986; Vienna, 2,030,850; St. Petersburg, 1,870,000 ; Constantinople, i,2oo,out) ; 
•ancient Babylon, 1,200.000: Rome, 575,000; Madrid, 571 . 539 ; Athens, 270 , 000 ; Jerusalem, 80,000. 




HARMSWORTH POPULAR SCIENCE 


remedy, so far as the Eiigenist is concerned, 
may be Home Rule or Coercion, or any- 
thing between them, but, whatever it be, it 
is the remedy for Ireland. 

Before we leave this question of the dif- 
ference between crude and corrected birth- 
rates, two more points arc worthy of note, 
(^ne is that the fall in the birth-rate and the 
fall in the' death-rate, wliich characterise 
the life of modern populations, are making 
the world grow older, in a new sense. 

The New Sense in which the World is 
Growing Older 

The average age of the existing jx^pulation 
at any given moment is mucli older than it 
used to be. Not only does this affect 
national conduct, but it is bound to react 
unfavourably on the birth-rate, by in- 
creasing the proportion of elderly people, 
who cannot contribute to it. Hence tJie fall 
of the birth-rate luomotes a further fall. 

The other point has regard to the most 
important case of Australasia. Here we find 
a very low and falling birth-rate, in a 
l)hysical environment wjiich invites an 
enormous increase of population. But the 
sex-constitution of the existing population 
shows far too high a proportion of men, 
as in Ireland, to that of young and mature 
women ; and thus the corrected birth-rate 
does much more credit and justice to Austral- 
asian women, just as we saw in the case of 
Ireland. Plainly the remedy, or one great 
remedy, is the increase of the number of 
young women in Australasia. 

The international aspects of the fall in 
the birth-rates of civilisations, high and 
low, have been alluded to, with various 
notable instances, already. But the national 
aspects of inecpiality in this fall are no less 
important. The new facts of South Africa 
may, or may not, suffice f(u* those who own 
the same Hag and loyalty. Hut our American 
cousins have a problem of their own. 

The Grave Peril of Anglo-Saxondom Across 
the Atlantic 

It is not merely the problem of the negro 
race and its increase, which corresponds to our 
j)roblem of the rapidly multi])lying Kaffirs 
of South Africa. It is also the problem of 
the comparative birth-rates of native-born 
or so-called “ Anglo-Saxon,” and immi- 
grants — ^ ]>roblem which corres])onds to 
that of British and Dutch in South Africa. 
Recent American statistics entirely justify 
the view of ex- President Roosevelt, that 
the ” American people ” is committing 
” race-suicide.” Tliat is to say, the bi^^th- 
rates of ” natives and immigrants in some 
representative American cities arc found to 
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bear the^ ratio of orient© two. In a word, the 
American people stringently practise volun- 
tary controWof the birth-rate, and the 
immigrai^tS'^o not. . In only a few genera- 
tions this, process, if continued, will neces- 
sarily mean that the United States are 
inhabited and dominated not by a race ol 
chiefly Anglo-Saxon and North European 
origin, but a race of South European, Medi- 
terranean, Jewish, and even more Oriental 
origin. Now, this difference cannot be re- 
garded as other than momentous and crucial 
for the destiny of civilisation upon the 
North American continent ; none'the less if 
French and Southern blood similarly multi- 
plies more rapidly than Anglo-Saxon blond 
in Oanada. 

Evidently the time has come wlien the 
declining birth-rate must be subjected to 
the closest possible analysis. The lime for 
condemnation or approbation is far distant, 
but more knowledge is required at once. 
What are the essential causes of the fall in 
the birth-rate ? 

Such causes may be various, and recent 
study, notably that of Dr. Arthur News- 
holme, has gone far to elucidate them. 

Some Notable Causes of the Decline in the 
Birth-Rate 

We may cautiously, not ])ositively, dis- 
miss the theory of a genuine decline in 
parental capacity. The fall is far too 
suddtm, and the details of it far too definile, 
for such a view. But caution must be asked 
for in this matter, since it ma}^ be that, in 
many cases, the modern view of the (uluca- 
tion of girls has led to a real incapacity foi 
that motherhood which the fashioiiabK* 
girls’ school so entirely tlespises. 

A second cause of the fall in the birth- 
rate is not negligiiHe, and is wholly satisfac- 
tory, but is only small in extent. This is the 
fall, so far as our own country is concerned, 
in what is called the illegitimate birth-rate. 
The fall here is greater in j)roportion than 
within the lK)unds of marriage, and will 
doubtless continue. Considering the ciisto 
mary late of the unwiinletl baby, and on all 
other grounds, this facti>r of the decline in 
the birth-rate is to be welcomed. 

A third cause of the declining birth-ral»‘ 
brings us still clo.ser to the question of the 
marriage- ra,tc, which \\e l)egan by referring; 
to as part of our inquiry. 'I he general ten- 
dency in our time is for the maniage-iati' 
to fall, partly because of Ihc increasing 
number of elderly persons in the communit v 
but chiefly because of tlie increasing age "1 
marriage in both sexes. The growing prat - 
ticc of marrying later in life will evidently 
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)e a factor in the fall of the birth-rate, and increased age atmiirriage, nor to any failure 
he factor has to be estimated. The rise in of vital power. Tt is a voluntary, deliberate 
he marriage age is hitherto so slow and control of the birth-rate, exercised by 
.light that this factor of the falling birth- married people. 1 1 is clear that the Kugeiiist 
\\{c is of very little importance now. It has no choice hut to admit tlic right of 
nay prove to be of much greater import- married i)eople to determine the sl/e of 
nice in tlie not distant future, however, their families. The Eugenist teaches that 
A lien we may expect the marriage-rate to parenthcjod must be mad(Miot, as at present, 
;li()W a much greater decline, and the almost the least resiionsible, hui the most 
iN’crage age at marriage to increase still responsible, because the most momentous, 
nrther. The reader %'ill understand that of all acts ; and therelorii he lias no choice 
ii-ni we arc simply stating facts and ten- but to prefer deliberate, res])oiisible parent - 
hMicies, and not apprai.siiig them. hood, and none other, to that which is in- 
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‘‘ And d»)wii llic \v;ivc and in tilt*, (laiui.- wa.s home A ii.ahed hahe, and rode Iti Merlin's feet, Who ^loopl and i.an;.;lil llie hahe, and 

cried. The Kinj; ! " 

The fourth cause of the declining birtli- distinguishable from the practice of the 
•do is the main cause; and while we are lower animals. So much must be stated to 
>'>nnd to note tlie others and estimate their avoid misconception. Hut our immediate 
onsecpiences, this it is that is now making duty is not jiraise or blame, assent or dis- 
iNtory, and will make history much more, sent, but to find out where this volnntarv 
ili<- decline in the birth-rate in this country control of the birth-rate most obtains, aiul 
'^ ean in 187b, much earlier in France, much what will be the cons(*(juences. 

in Germany, and it is quite clearly due For instance, is it eugenic, involving 
‘’Voluntary control. eugenic selection of the worthiest? That 

1 he fall is thus mainly a fall in the legiti- is to say, is it the persons who know thein- 
iiate birth-rate, due not to a reduction selves afflicted with transmissible disease, 
the number of marriages, nor to the or addicted to flrink, or related to insane 
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Two children are added to 
the population of Germany for 


individualsi ^ or o^rwisc unworthy or 
dubiously worthy .4or parenthood, who 
decline to have, children ? 

Or, on^glthe^ contrary, as most critics 
assert, is thi^fall in the birth-rate differen- 
tial in the wrong direction, against the 
principles of 
eu gen ics ? 

That is to say, 
is iUy the im- 
provident, un- 
controlled, 
irrespon- 
sible, ignorant, 
defective 
me^l^rs of 

khe/ com- 
munity who 
continue to 
produce ✓.schil- 
d re n — chil- 
dren who 
will, on the 
average, be 
like their 
l^Yents, while the thrifty, thoughtful,, self- 
controlled, intelligent persons decline to 
have children, and thus produce not 
only the fall in the birth-rate, but a 
national ’ degeneration, since only the in- 
ferior stocks are left to create the future ? 

The iMst aston- 
ishingl)^ confident 
answers have been 
returned to these 
questions, in the 
absence of any- 
thing like the 
knowledge which 
would alone permit 
us to answer them 
at all. We do posi- 
tively know a few 
facts ; but only 
until the returns of 
the last census have 
been fully analysed 
shall we be on the 
way to knowing 
what we should. 

The last census 
provides informa- 
tion as to marriages 
and birlhs which 
was never asked for 
^fore. In fifty years it will be invaluable, 
because succeeding censuses will combine to 
show what is happening. We ourselves, hav- 
ing no earlier facts with which to cohijiare 
these new ones, "must be patient and worj^, 
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Every one child added to the population 
of Great Britain. 
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for the future — ^which is indeed the busines: 
of the' ^ugenist — ^just like the astronomc: 
who notes stellar changes to which onb 
the twenty-fiftlj century can find the key. 

The new facts definitely known are tha 
the fait in the birth-rate is marked in tin 

middle • class 
has begun t( 
be * no les! 
marked in th( 
artisan class 
and'^ie .not l( 
be "found a 
all among tin 
defective anc 
feeblc-mindec 
section of tin 
community 
Jn general,tfn 
birth-rate ii 
high w here 
material pro 
sperity is low 
and vice versa 
In London 
for instance, we lately found the highes 
birth-rates in the East End, with higl 
death-rates, too, and the lowest birth 
rate in Hampstead, which also has tin 
lowest death-rate. Whatever, therefore 
be the real facts as to the hereditan 

worth of t Ik 
babies born in dif- 
ferent classes, it i- 
clear that inosi 
babies come when 
there is least roon 
for them. Sinc( 
eugenics iS prim 
a r i 1 y concernec 
with births, wt 
shall never leav( 
this subject ; anc 
it is evident thai 
many of these 
observations raise 
vital questions 
which require te 
be answered. Bui 
the primary facts 
must be statec 
first ; and since the 
birth-rate is 
only the lowest 
orf. record ir 
every succeeding ■ year, but will assuredly 
continue to be so for many years to come 
it is high time that we should begin tf 
think soundly and seriously of this chie: 
omen of our present national life. 


EAST END,^. WHERE THE 
IN LONDON IS FOUNP". 





GROUP 1-THE UNIVERSE - THE STORY OF A MILLION WORLDS- CHAPTER 5 


ALL THINGS ARE CHANGING 

The Universe of To-day is not the Universe of 
To-morrow — ‘ Nothing is Constant but Change ’ 

EARTH WILL NOT PASS THIS WAY AGAIN 


We have surveyed the outwardness and 
the inwardness, the unity and the 
persistence, of the universe, and almost 
all the while have inevitably spoken 
and thought of it as constant, and of 
existing things as having ever been in the 
past, and as being destined ever to be in 
the future, what they arc now. We have 
now to learn the difficult lesson that the 
universe of to-day is not the universe of 
to-morrow, that “ All Things Flow,” as the 
(ireek philosopher Heraclitus declared two 
thousand five hundred years ago, and that 
“ Nothing is constant but change.” 

It is a difficult lesson, because it seems to 
contradict the major facts of experience. 
The firm earth seems stable in its rhythm, 
year succeeding year, and season season, 
but the earth has never twice in its history 
been in the same place — we shall never 
pass this way again. The sun seems con- 
stant enough, but the sun is never twice 
the same, and will be smaller to-morrow 
than it is to-day — though whether hotter 
or colder we arc as yet unable to say. The 
truth is that every moment in the course of 
tilings is unique, exactly becau.se all things 
are upon a course, or “in flux,” to use the 
old phrase. 

There are, indeed, two opposed views of 
things, which extend from the stars to the 
very doings of mankind and of individual 
men. They have been conveniently termed 
the static and' the dynamic view. The static 
view — ^which, in English, is the “ stand- 
ing ” view — secs things in a stationary 
condition, and recognises in all apparent 
change a brief rhythm, which quickly 
restores things as they were. This is the 
view of the vast majority of mankind until 
our own time, the exceptions, such as 
Heraclitus, being but the choice and 
master-spirits of their age. A certain 
quality of the mind which we may call its 


inertia induces a bias in favour of the view 
that laws and creeds and theories and in- 
stitutions and customs are either final or 
can be made so. Probably men incline 
more towards the static view as they grow 
older, and sapicntly wag their heads when 
youth opines that abuses may not last for 
ever, or that we do not necessarily have to 
take the world, or at any rate leave the 
world, as we find it. 

The doctrine of universal evolution 
implies the unity and persistence of reality, 
but it declares that the phenomena or 
appearances of reality are inconstant and 
fleeting. It declares a dynamic or forceful 
view of things, which sees them impelled 
from within, or from below, in such fashion 
that the present is always novel and 
unique, the child of the ]>ast, and the parent 
of the future. The static view maintains 
that history repeats itself, an assertion which 
docs, indeed, recognise and express the uni- 
formity of Nature ; whereas the dynamic 
view declares that history never repeats 
itself; that, as Heraclitus put it, “ you can 
never step into the same waters twice.” 

This doctrine of universal and orderly 
change has been often expressed as a law of 
progress ; and it particularly behoves us to 
beware against this misinterpretation of 
evolution, which we find especially rife in 
that part of the theory which concerns 
itself with life and is called organic evolution. 
Since evolution has resulted in progress in 
the world of life, as we ourselves exemplify, 
many suppose that evolution and progress 
are synonymous. This is to ignore, in the 
realm of life, the facts of degeneracy and 
parasitism, which are as much facts of 
evolution as are the facts of progress. It 
is to forget that suns, and systems of suns 
grow cold as well as hot, and that systems 
of thought, once vital and glowing, alike 
decay. All these are facts of the universe ; 
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and if evolution be a universal truth, they 
are facts of evolution. 

It is known to very few students that the 
word “evolution’' was introduced, in its 
modern meaning, by Herbert Spencer, in 
1857, precisely because the word “ progress,” 
which he had formerly employed, was found 
to be inadequate as his studies proceeded. 
Yet more than half a century later, though 
the word has become popular, we still hear 
it employed, on all hands, as if it meant 
progress, and as if it certified all changes 
and forces of inorganic or organic Nature 
to be pressing “ up- 
wards and onwards.” 

But if our view of 
the universe is to be 
sound, we must under- 
stand wliat we mean, 
how much and how 
litdc, when we speak 
of universal evolution. 

We mean that all 
things whatsoever — 
one exception, were 
there one, would be 
rui nous — arc subj ect 
to change. T li i s 
change may be fast (n* 
slow,' obvious or 
subtle, catastroj)hic or 
gradual, and it may 
make for what we call 
progress, or for what 
we call retn)gression, 
or it may be outside 
any of our ethical 
judgments and have 
to do merely with, 
say, the shapes of 
atoms, but it is change, 
nevertheless, and that 
is what evolution 
means. But that is 
not all. 

Whenever we sec 
change in process, ive 
fear chaos. It may only be that our sitting- 
room furniture has been rearranged, or 
that the metric system has been substituted 
for more i)rimitivc modes of reckoning, or 
that the franchise has been extended — it is 
enough to make us fear that ” chaos is come 
again,*^ or, in the modern phrase, that the 
” end of all things ” is at hand. It is 
therefore necessary to remember that 
evolution is not only change, but ordered 
change. Chaos will not come again, because 
there never was a chaos but in seeming. 
Happenings will always continue, for that 
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is what evolution asserts, but whatev^i 
happens will happen according to law, for 
that is what evolution also asserts. It will 
not necessarily happen according to any 
particular law, such as the law of gravit.i- 
tion, for that is itself a product of evolu, 
tion, and there is no reason why furtlh i 
evolution should not supersede it. In- 
deed, the doctrine of evolution will reqiiin 
to be remembered and allow^ed for when w r 
are inclined to speak somewhat su])i'r. 
stitiously of the ” laws of Nature.” 13 iil, 
though w’c cannot assert that any particnlai 
law or mode of action 
of the universe ahvay? 
has been, and ahvavs; 
will be, its mode ot 
action, we can 
assuredly assert that 
the law of univcnsal 
causation always has 
been and always will 
be. There may hu 
higher or lower ly]>es 
of cosmos, but chaos 
never. 

In general, we may 
perhaps agree with 
Herbert Spencer in 
discerning two modes 
of action — from the 
simple to the comph*\, 
and from the complex 
to the simple. Thus, 
when a couple of genn 
cells become a human 
being, or when a 
nebula becomes a 
solar system, we 
discern typical 
evolution from simjde 
to com]dex ; when a 
couple of stars collide, 
and form a scarcely 
coherent nebula. oJ 
when a corpse is 
reduced to dust and 
ashes, we discern the opposite phase of 

evolution, which is sometimes called dissolu- 
tion. It has to be realised, however, that 
when we say ” simple,” we should rather say 
“ apparently simple,” for the fact that tlir 
simplici^ is only apparent is demon- 
strated by the subsequent complexity. A 

tiny speck of protoplasm becomes a complex 
human body, a shapeless . cloud of matter 
becomes a solar system ; and the lesson lot 
the wise is that within and under the siui- 
plicity there are forces as complex as their 
ultimate result. 



IMMANUEL KANT, AUTHOR OF THE NEBULAR 
THEORY OF THE WORLD. 

It was Kant, the Cerman philosopher, who roundeil the theory 
of the solar system haviii)' Ijceii derived from a nebula, or fire- 
inisl, yielding planets in the process, as our froniispieire suggests. 
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The doctrine of universal evolution stands 
lefinitely opposed at every point to the 
loctrine of “ special creation.” The state- 
iient is simple enough, but it is almost 
Kvays misunderstood. We are here on the 
)lane of science, which deals with pheno- 
iiena or appearances. We are not dealing 
\ith ultimates. Evolution, as Lord Morlcy 
)])served many decades ago, is not a force or 
L cause, but a law — that is, a statement of a 
node of alteration of the universe. Unfor- 
iinately, people constantly tend to make a 
otish of it, and suppose it to be a cause — a 
:ause which, having 
low been discovered, 
lisp OSes of any 
lecessity for a belief 
11 a “ first cause,” or 
11 anything beyond 
ilicnomena. This is 
horoughly vicious, 
iiid thoroughly un- 
;cicntific, because it is 
)art of science or 
knowledge to know 
ts own limitations. 

If, instead of evolii- 
ion, which indeed 
)nly means unrolling, 

VC spoke of ordered 
liange, no one would 
ancy that the doctrine 
)f ordered change 
niswered the ultimate 
luestionings of the 
mman mind. All 
science to-day is cvolu- 
l ionary ; we ” think 
n evolution.” The 
loctrine of ordered 
liange must necessar- 
1 > pervade and be 
issumed in every 
>i‘ction and every ]^agc 
>1 such a work as this, 
l>ut that is merely to 
viv that we accept the 
^ icw of order and cause and endless events 
Hid bringings forth as the mode and being 
il Nature ; and if anyone should fancy that 
diis view is atheistic or materialistic, he 
be referred to the last paragraph of 
“ Origin of Species,” in which Darwin 
fleclared the grandeur of this view of tl>e 
J^ivine method of action. Evolution is none 
‘Oilier than a doctrine of continuous and 
everlasting creation, substituted for the 
doctrine of creation once and for all. 

Our business now is to survey the various 
P^'iits and aspects of the universe in which 


the doctrine of evolution is illustrated, and 
in which its doings may be witnessed. 

Historically, the doctrine of evolution in 
the heavens, commonly called cosmic evolu- 
tion, was the first in modern times to win 
anything like consideration. In his young 
days, the (icrman-Scottish philosopher 
Immanuel Kant outlined a theory which 
explained the solar system as having been 
derived from a nebula, or fire-mist, which 
shrank and cooled and twisted, and yielded 
planets in the process. Not very much later, 
biologists in France and Germany suggested 
that the theory of 
special creation, as ap- 
plied to the animal 
world, must yield to a 
theory of the origin of 
species by ” descent 
with modification.” 

Ill the middle of the 
nineteenth century 
neither of these 
doctrines found 
acceptance, and the 
reason is in each case 
a highly interesting 
one. So far as con- 
corns the nebular 
theory, suggested by 
Kant, and elaborated 
by the French mathe- 
matician Laplace, 
advances in telescopic 
astiononiy had sadly 
discounted it. The 
newest and largest in- 
struments had suc- 
ceeded in penetrating 
space to such an extent 
tliat many supposed 
nebuhe had turned out 
to be not nebiike at all, 
but closely aggregated 
clusters of stars. The 
inference was that 
further developments 
of the tc!lescope would resolve more netiuLe 
into star-clusters, and that, if we could .see 
clearly enough, there would be no nebuke 
left, but only more or less distant and closely 
clustered masses of stars. Plainly, the 
nebular theory breaks down if there are no 
such things as nebulae ; and the marvellous 
work was yet in the womb of time whereby 
it was found possible to demonstrate the 
existence of truly nebulous and gaseous 
matter in the sky, and to distinguish these 
real nebulfc from star-clusters, irrespective 
of distance, 
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niixnE:<T si’ENCEa, wiio first i>i:veloi'ED 

THE PLAN OF EVOLUTION 


It was Hcrljerl Spencer who, over fifty ye;irs aKo, first used the 
word “ evolution " asdescribiiiK the pnaressesof natural dryelop- 
iiu'iit. “All things flow, an«l nothing isrouM.-tnl hiil «'hange,'’ may 
w-cdl be said to express the ancient meaning of this iiiimIciii word. 
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If the theory of cosmic evolution was in 
a bad way, no more could be said for that of 
organic evolution. Its most distinguished 
a(ivocate, the French naturalist Lamarck, 
presented a theory of the origin of species 
which was inadequate and unsatisfactory. 
Its truth was very doubtful, and it could 
only explain a tiny fraction of the facts 
even if it were true. 

The Master-Mind of Herbert Spencer which 
Appeared when the Hour was Ripe 

In one direction, however, the case of 
evolution seemed more promising. The 
British geologist Sir Charles Lyell gave 
reasons for believing that the history of the 
earth's crust was evolutionary, or, in the 
clumsy word of the period, unifomrilarian, 
as contrasted with the generally accepted 
catastrophic view, which attributed the 
various layers of the crust, and their various 
deposits of fossils, to a succession of 
catastrophes, followed by special creation 
of new forms of life. 

The hour was ripe for a master-mind, 
and Herbert SjHnicer was equal to th(i task. 
He sketched forth, in 1857, a ])lan of 
universal evolution, which in succeeding 
decades he elaborated in his Synthetic 
Philosophy.” It is fair to say that every 
substantial thing for which he contended 
is now granted ; men think in his fashion 
and often in his own terms while supposing 
that they are refuting or exposing him. Our 
present business is to survey the doctrine of 
universal evolution, of universal and orderly 
change, as it is accepted now by the scientific 
mind. With whatever labour, it must be 
made plain that this theory applies every- 
where. It is a statement of the universe, and 
cannot admit of any exception whatsoever. 

The Grotesque and Ignorant Way in which 
Men Use the Word ** Evolution " 

The use of this great and glorious word 
“ evolution ” to mean that man is descended 
from the chimpanzee is ignorant and 
grotesque ; its use to mean the theory 
of Darwin that species have originated 
by natural selection is scarcely less so ; 
it must not be used to mean evolution in 
the living world, which is properly described 
as organic evolution ; it is only properly 
used when, in reference to any part of the 
universe, it is used * with the a])propriatc 
adjectfve in front of it. 

Lastly, evolution is an assertion of a 
general fact of Nature, and it is not an 
attempt to explain that fact. We may have 
various theories of evolution, and they 
may be right or wrong, but the statement 
of evolution remains. This point is highly 


important at the present time, when long, 
accepted theories of certain aspects of 
evolution are being largely modified or 
abandoned. The opponents of science 
suppose that the doctrine of universal 
evolution — which is as simple and direc t 
a statement of fact as, say, the doctriiu* 
of the evolution of the motor-car within 
the last decade — ceases to be valid unless 
particular theories invented to explain 
it can be upheld. The confusion is betwctai 
two totally different things — description 
and explanation. Evolution is description ; 
indeed, what we call history is -just part of 
universal history, which is evolution. The. 
historian, as a rational being, cannot 
refrain from attempting to explain the facts 
which he describes, but the facts remain 
though the explanation may be inadequate. 
Similarly, the fact of cosmic evolution 
remains, though no one now acci'pts 
Laplace's explanation of it. Similarly, 
also, the fact of organic evolution remains, 
though we now know that Darwin’s explana- 
tion of the origin of species was far from 
adequate, and requires to be modified 
and sup})lemented by a new theory wliicli 
has only just been appreciated. 

Universal Evolution that Embraces Men and 
Suns and Worlds and Institutions 

These facts may be arranged under 
various heads, in terms conveniently l)()r- 
rowed from the French philosopher Coin I e. 
When we speak of universal evolution, wc 
may recognise it on three planes -inorganic, 
organic, and super-organic. Inorganic evolu- 
tion is concerned with the changes of matter, 
a})art from life. Practically, it resolves its<‘ll 
into cosmic evolution, of which the changes 
in the crust of a cosmic object — such as 
the earth — arc a part : and into atomic 
evolution, a term which explains itsill. 
Organic evolution is obviously concerned 
with organisms, plants, and animals. Su|>» r- 
urganic evolution concerns itself with 
something higher than organisms, with 
evolution in the realm of mind and of human 
society, of institutions, of art, of thougld. 
an<l of morals. It was Spencer’s supreme 
merit to survey evolution in all these forms 
and aspects, and to see in all of lluiu 
a unity and principle and a community 
of plan, since suns, atoms, living being^^- 
societies,' are all part of the universal whole, 
and ])artake of its nature. ' 

Many of these aspects of evolution are 
necessarily considered elsewhere in tliis 
work, the very plan of which is evolu- 
tionary, as the plan of such a work in our 
time was bound to be. The idea of evolution 
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ihu epochs of the past,” says the Professor of Moclern History at C'ainl)ri(Ij^e IJnivcTsity, “are 
few of the front carriajjes, anil probably the least wonderful, in ihe van of an interininable 
procession.” In this picture the artist has tried to express this itlea graphically. 
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is im])licd in a sequence which begins 
with the universe at large, and passes from 
earth and life and man to society and its 
future. Such a scheme is inevitable to-day 
—it could not have presented itself to any- 
one’s mind a century ago. Thus the par- 
ticular ])ortion of inorganic evolution which 
concerns itself with the earth’s crust is 
considered in its place ; it is one with 
modern geology. The part of organic 
evolution which concerns itself with the 
history (^f man is similarly considered, as 
is that which concerns itself with his 
^)OSsiblc destiny — a destiny to 
which only the principles of 
evolution can guide us. Organic 
evolution in general is j^art of 
the ])roblem of life ; and the 
greater part of sujjer-organir . 

evolution has to do with the 
mind of man the individual, and K| 

his mind as it (w presses itself in 
industry and in society. All jjp/f 

these are ])arts of universal mt: 

evolution, for they are iiide(‘d 
parts of the universe — so com- 
l)rehensive is the title of the 
present section ! 

Hut the two nu)st strictly 
universal aspects of evolution 

are not treated elsewluMe, and 
demand our further study here. f 

Cosmic evolution now r(*ckons / 
with nelnihe as facts. 'I'liis is / 
one of till* most imjiortant 
demonstrations of m o d (' r n . j 
science. When Herbert Spencer j 

maintained, against all the ^ 

astronomical authority of his 
time, that tlu‘ netnihe lacrc 
nebuhe, he could do no more 

than argue from such facts as 

their ilistribution, and from 
probabilitw Later, the anah’sis yr.ar! 

of light altered the nature of the riiis insnuincm 

arguinent in final fashion. If 
the light ot a glowing gas be s- 

examined through a prism as 
through the instrunuMit called a spectroscope 
in the process called spectrimi analysis — we 
find that the spectuim of the light, thus si>lit 
up and spreail out for our observation, con- 
sists of a series of bright lines, with dark 
spacefS in between. On the other hand, the 
spectrum of the light ])roduced by a glowing 
solid body is an unbroken banil of colour. 
Technically, the first kind of spectra are 
called discontinuous, and the latter con- 
tinuous. Applied to certain refmted nebuke, 
the spectroscope shows that their spectrum is 
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discontinuous. These are therefore tii 
nebuke, clouds of glowing gas, not cliisti 
of stars too distant for the telescope 
resolve. 

This is not all. So far from being ni 
and remarkable objects in the sky, nehu! 
are common. They are found in all \x\\ 
of the sky. We have reason to believe tli. 
there are multitudes of dark nebukx, just . 
we know that there are multitudes of d.n 
stars. Further, scores of thousands . 
known nebulaj possess a characteristic ai- 
peculiar shape, in virtue of which they ;ii 
♦ . callc(l spiral nebuke. It can 1 

^ i shown that nebuke of this fon 

1 11 exist in immeasurably lai{.;f 

I numbers than could be account • 

I for by chance. Closer stiid\ i 

cthe spiral nebuk'e shows that, i 
I L many instance's, more or f - 

■ solid bodies, which we can onl 

I call stars, are condensing 1 

ll llu'ir substance. Many sue 

H stars are to he seen, indeed, m 

H only in the s})iral nebuke. h’ 

H also in the nebula? of irregiil.i 

II form, such as the colo'-s: 

H e\am|)le which is known as tli 

|k great nebula in Orion. 

In many instances, also, lli 
Hj telescope shows us nebnlnii 

\ fgj stars, whose cow, we must (m 

/ starry, but wh«)se envelojn' i 

Wy \ . jK‘bulous. H('ri‘. tluMi, is d(‘liiiii 

• 1‘vidence not only that n(‘biil, 
\ exist, but that they imdni^ 

\ . changes which aie som(’!i<<' 

> ’ connected with the origin < 

. stars or suns. We snrvi‘\- ili 
luxivens, and find evideia r < 
sta.rs in th(' making, in all sta;^<' 
young and old. chaotic lu'biil.i 
nebuke, nebuke wit 
or i:nj:rc;v incipient stars, n(?bulous sl.n 


'Ills iiistiuiiiciit, caikMi ;i laiiiiini oi'diiiary stai's, (lai'k stai> 


rrM !v, ilisplays «*ner}.;y in thu f'm iii 
of motion, whirh is saiil to have 
the power of 

years lu-fore ii can t)c exhausted. 


T-fUi'd to have farther to be assiin 

IK on for ;,o,or,o tluit cosiiiic evolutioii is a kn 
1,0 cxh;u..tccl. „hs 01 vC(l lIlilL 1.1 iN 

survey of a universal truth we an* n* 
attem])ling explanation, but are givin.e d 
first place to description. Nebular Ihi’o’ n 
come and go the iMoblcm of explaiiati" 
is almost insoluble-' but the fact of co^mi 
evolution is as clearly proved by a sin c 
of the heavens as the fact of human gro i 
is proved by the observation of Innn.i 
specimens ranging from infancy to old a- r 
Since Spencer’s day astronomers l i' 
gone much farther to demonstrate d 
details of this aspect of inorganic evolun^i 
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\\ e commonly speak of “ the stars,” as if 
ll'iy were all alike, save in size and bright- 
,i.ss. Yet we have only to use our eyes on 
any fine evening to observe the contrast in 
iniour between such intensely white stars 
a^ Sirius or Vega, and such a red star as 
Aklebaran ; ami we may reasonably guess 
iliat our own particular star, which we call 
I ill' sun, would rank as yellow — somewhere 
ill the scale between the whiteness of Sirius 
and the redness of Aldebaran. 

The Stars that have their Ardent Youth, their 
Steady Prime, and their Fading Old Age 
Now, a })()ker may be white-hot, or yellow- 
!i. »r. or red-hot, or dark-hot, or dark and cold. 
In this case there is evidently a relation 
Itrlween colour and temperature; and if we 
imagine a star to possess a certain original 
amount of heat, which it los(‘S by radiation, 
we may imagine its colour to change, 
throughout untold ages, so that at its 
liotti'sl it would be white, in its last stage 
()l visibility it would l)e of a. dull red, and, 
l:iter. tht)ugh no longer emitting light, it 
would emit heat, like a dark-hot poker, 
until, linally, it became both dark and cold. 

great weak of Sir Norman J-ockver 
aiul many others has taught us that this 
is something more than a mere fanciful 
]).irallel. The stars have their history and 
destiny, their ardent youth, steady maturity, 
lading senility, as we have. Doubth'ss the 
lacts are nothing like so simjile as we us(*d 
to suppose, neither as regards tlu* origin 
o| stars from nelnihe, nor as regards the 
history of individual stars. The case of 
llie poker is simple, but the case of a sti.r 
which contains many and vari(nis elements 
is complex. It may be that a star has a 
I'ciiod of ascending temperature as well as 
period of descending tem|)eraturc ; and 
llir discovery of radium, with its generation 
»'t heat, has not lessened this possibility. 

The Theory Set Up by Herbert Spencer 
Against the Opinions of His Age 

Most notable in this connection is the fact 
diat different elements arc found in different 
b pi s of stars, light elements in certain 
heavier elements in other stars. 
1 hcri! is good reason to suppose that the 
two great aspects of inorganic evolution, 
^'liich we have called cosmic and atomic, 
not merely to be set in contrast, the one 
'I' '.I ling with inconceivably gigantic, the 
at’iK^r with inconceivably minute objects, 
are to be put into relation, for it may 
that they proceed together, and depend 
t*p'>n one anol her. 

one was prepared to Ixdieve in atomic 
‘-v.'dution in Spencer's day. Tlic accepted 


dogma regarded atoms as the most perfect 
examples of “ special creation,” having 
upon them, as a cc^li'brateil student re- 
marked, “ the stamp of the manufactured 
article.” Tf universal evolution was true, 
however, Sj^encer could not accej)t the 
chemists’ teaching, nor did he. But it was 
not until the ])resent century, just before 
Spencer’s death, that the discovery of 
radium })rovided us, in the realm of the 
atom, with sonudhing which answi'red to 
the S])cncerian formula of evolution as 
exactly as if that formula had been fraiiK'd 
to fit the case. What the details of atomic 
evolnlion an* w(* only know as y(*t in small 
])art, and we are much farther from any 
explanation of its ])rocesses. More will be 
known of this fundamenlal |)art of universal 
history when this section is brought to an 
(‘lid tluin now, for our knowh‘dge accumu- 
lates with extraordinary sjieed. But already 
we know somi‘thing. 

We know, for instance, that an id(*a 
sugg('sted bv a (ireek thinker, mon* than 
two thousand years ago, is true. Di'inocritus, 
the first atoniist, had a pupil who argui'd 
that all manner of atoms would ti'iul to be 
fornu'd by Nature, and that only those 
which suited the condilions of their exist- 
ence would survive. 

The Grandchildren in the Realms of Atoms, 
who Win in the Struggle for Endurance 

This is the idea of ” natiual seli'ction,” as 
Darwin called it in reference to li\'ing bi'ings, 
applied to atoms. ( )n this view, the eighty- 
odd eleiiK^nts that we know, each mad(* of 
a special kind of atoms. ri*j)ri*sent the sur- 
vivors, the most stable forms, from among 
a multitiuU; which are always making bri(*f 
and unsustained bids for exislencij. 

Knough is alreaily known of the fac ts of 
radium and certain other ('lements to ])rov(' 
that this ancient idea is true. In our time 
and ])larc in tlu^ universe, atomic evolution 
is all, so far as we can discover, in the 
])hase which consists of large and coinjili- 
cated atoms breaking down and yic^lding 
smaller ones. An opposite phase, in which 
large and comiilicated atoms would be 
fornuHl by the union and deft wc^aving of 
small ones, may be imaginc'd; and it is 
scarcely too daring to suggest that some of 
the astronomical observations of Sir Norman 
Lockyer seem to consort with such a proc(^ss. 
But for us, at any rat(*, atomic civolution 
is in the phase repix'sented by radium. It 
is now certain that radium is the descendant, 
])robably the grandchild, of th(^ ehinent 
uranium, the atom of which is still larger 
and heavier. The radium atom goes through 
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TIIlv lilvAUTlFUL CORK OF TllK GRKAT NKBU^ OF ANDROMKDA, A VAST GLOBK OF GLOWING 

GAS FROM WHICH UliW WORLDS KMKRGK 

Froni masses of glowiiiR gas such as lliis our solar system must have evolved, and from this mass itself new_ worlds arc Mill 
eviilxin^. This photograph was taken ih.rough the famous Yerkes telescope; the one opposite was taken at the Lick Observ.'iioi>. 

a number of stages in its further evolution, helium,ancl that the last dull stages of this mo^t 

hut most of these arc highly unstable, and brilliant of elements, well named radium, 

can exist for only very short periods, even represented by the atoms which we know 

to be counted in seconds. We thus learn as making up the element called lead. These 

that there are unstable atomic forms, which atoms are highly stable, and what happens 

are, ousted in the atomic struggle for exist- next to them we do not know ; but it is an 

ence, and yield to stable forms, which may amazing achievement, within a few years, to 

endure for thousands or millions of years, have traced the history of one line of atom «' 

though yi them also change is at work. evolution from uranium to lead, through a 

J lie known atomic forms which go to the host of intervening stages, certainly iiiclud- 

making up of the elements that we know ing radium, and possibly including silver, 

represent the stable or, rather, the rela- The thinker, as usual, has the laugh of 
tively stable — forms of atomic architecture. the mere manipulators. Spencer was right : 

If wc trace the successive transformations atomic evolution is as much a fact 

of the radium atom, we find that it yields organic evolution. It is probably the nio-t 

atoms of a wholly different element, called fundamental form of all evolution, upon whieli 
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nili NliBULA OF OKION THK VAST SHAPKLKSS MASS OF GLOWING MATTER THAT GIVKS BIRTH 

TO WORLDS AND WORLD-SYSTEMS ' 

I lie earth sweeps roiiin .1 the sun in a rirrle not less than 185 million miles across ; and if we could imn];;ine a •'« vast as this, and 

I hen. imagine a million of these globes rolled into one, this incredible vastness would still be smaller than the nebula of Orion. 

the history and destiny of stars and planets, history of things is unique, yet through all 
and all that planets may bear, ultimately past and future changes, through all that 

tlepcnd. With this demonstration, the case may be possible, the unity and identity of 

for universal evolution is finally i)roved. the uni verse remain . “ The more it changes, 

It will be for subseejuent ages to discover the more it is the same thing.** Cause and 

the details, to view them in such coherence effect, infinite and inexorable consequence, 

and sequence that description may yield to bind it in Time, and a thousand subtle bonds 

t xplanation, and the course and causes of of affinity and co-ordination bind it in 

evolutionary events, in all spheres of exist- Space. Though nothing is constant but 

ence, be gradually revealed. But we have, change, change has its laws. Indeed, what 

;it any rate, the advantage of realising this we call the “ laws of Nature ’* arc none 

idea of the universe, and of looking upon other than the laws and the conditions of 

all things that we may study in this light, universal evolution. With this understand- 

We study that whicli is never the same, ing we may approach their study and 

yet which is ever the same. Here is the avoid the many pitfalls in wdiich the 

supreme paradox. Every moment in tjic bones of other wayfarers now lie bleaching. 
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THE WONDER OF A DROP OF WATER 



These pictures show the many forms in which we find water, the universal essential of life. Water can 1 h- 
made into dew, hoar frost, hailstones, snow, mist, rain, and ice, as shown in these pictures, yet it is always 
water, conniosed of the same elements, retaining its original weight through all these transformations. 
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THE EARTH’S FOUNDATIONS 

The New Knowledge of the Elements and the Amazing 
Things that Happen when They Come Together 

THE THINGS THE WORLD IS MADE OF 


I N discussing the making of the earth we 
have seen that certain substances known 
as elements enter into the composition of 
its crust, but so far, we have not con- 
sidered what we mean by element. 

By element we mean an absolutely simple, 
pure substance that by no known means 
can be divided into jrarts with different 
properties. For instance, if we lake the red 
substance known as mercuric oxide, and 
grind it into a powder, each grain still 
remains mercuric oxide ; there is no differ- 
ence between one grain and another. Is 
mercuric oxide therefore an clement ? 
Perhaps ! 

But we have not yet done our disruptive 
worst. Let us try the ordeal by fire. 
Let us heat it. When we tlo this we find 
that it is shaken to ])i(‘(:es, and that it 
tlivides into a heavy vapour which con- 
denses as the licpiid metal mercury and 
the gas oxygen, which su]iports combustion. 
Mercuric oxide, therefore, is not an (dement ; 
it is a combination of two substances which 
it is possible to separate. Jhit when we take 
tlie two separated substances we may roast 
them, and freeze them, and electrify them, 
and do what we will with them — liuw still 
remain mercury and oxygen, a liquid metal 
and a gas, each with certain fixed, definite 
(jualities. We say, therefore, tliat oxygen 
and mercury are elements. 

Or, to take another instance, we get some 
tallow and divide it into small pieces. Each 
piece still remains tallow. We melt it, and 
it solidifies as tallow. We freeze it, and it 
thaws as tallow. Is tallow, then, an 
element ? No. we must experiment further. 
Let us burn the tallow as a candle. Lo ! the 
tallow is torn all to pieces. A black sub- 
stance, carbon, hidden in its composition, 
goes off with the oxygen in the air. an(l 
forms a gas called carbon dioxide, and a 
gas in it called hydrogen links arms with 


the oxygen of the air, and goes off as water. 
So tallow is certainly not an clement, but a 
very complicated com])ound, composed of 
several elements. 

Or take water. We can heat water into 
steam, or freeze it into ice ; yet it retains 
its qualities as water, and gives rise to no 
substance with other than aqueous cha- 
racters. And yet water is not an element 
either, for by passing it over red-hot iron or 
red-hot carbon, or by {massing a galvanic 
current through it, water can be divided into 
two gases, oxygen and hydrogen, both of 
which are quite dry, and neither of which is 
in the least like the water which the two 
together form. Even a little piece of 
potassium laid on water will tear oxygen 
and hydrogen from it and set the liydrogen 
on fire. So water, in spite of all first 
appearances to the contrary, is not an 
element after all. 

Only after a substance has resisted the 
most violent and ingenious efforts to pull 
it to pieces do chemists call any substance, 
whether gas, or solid, or licpiid, an element. 
Even then it is better to be guarded, for 
chemists have frequently found out that 
substances which seem simple arc really 
com|M)und, and can be divided into two. 

For years and years, for example, caustic 
potash was considered an eh'inent till one 
day the great chemist Sir Humphry Davy 
succeeded in shaking it asunder by the elec- 
trical process kiunvn as electrolysis, and 
showed that it was really a compound, and 
that an unknown metal — now known as po- 
tfXssium — could be separated from it. So 
delighted was Sir Humphry at this dis- 
covery that it is said he actually danced with 
joy. Like most discoveries, this discovery 
led to more, and Sir Humphry Davy soon 
broke up some other substances, and ex- 
tracted from them hitherto unknown ele- 
ments — sodium, chlorine, magnesium, and 
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strontium. Since Sir Humphry Davy's day 
new elements have been constantly dis- 
:overed, and there are now eighty-one. Some 
Df these were difficult to discover because 
they were tightly combined in compounds. 
Some, like the inert gases in the air — neon, 
xenon, argon, krypton, and helium — escaped 
notice because they occur in very small 
amounts, and have no chemical activity. 
None of these five atmospheric gases com- 
bine with other gases ; they lead negative, 
lazy lives, and do nothing whatever to 
attract attention. 

The Little Known Elements, and the Light 
Given Off by Solid Bodies 

About half the elements are well known, 
and about half are hardly known at all. We 
have all heard of aluminium, antimony, 
arsenic, bismuth, calcium, carbon, chlorine, 
:obalt, copper, gold, hydrogen, iodine, iron, 
lead, lithium, magnesium, mercury, nickel, 
nitrogen, oxygen, j)hosphorus, platinum, 
potassium, radium, silicon, silver, sodium, 
mlplmr, tin, and zinc. But how many 
people have heard of columbium or niobium, 
:rbium, gadolinium, indium, lanthanum, 
neodymium, praseodymium, rhodium, 
samarium, terbium, thulium, ytterbium, 
yttrium, zirconium, or europium ? 

Some oh the rare elements have been 
letected in a most wonderful and interesting 
vay by spectrum analysis. It is well 
<nown that the white light of the sun is 
‘eally a mixture of coloured waves of 
ight, and that the coloured waves can be 
ic[)arated from each other by passing the 
►vhite light through a prism. All solid 
bodies, a platinum plate, a steel poker, if 
leated to what is called white heat, give off 
similar composite white light that can be 
inalysed into component coloured waves. 
But it has been found that when any 
iubstance is reduced to a state of vapour 
nid rendered incandescent it no longer 
^ives off white light, but certain character- 
stic coloured rays which can^c analysed by 
X prism, and so distinguished from all other 
iubstanccs. In a rough way the coloured 
'ays can be discerned by the eye, and the 
:oloured lights of pyrotechnic displays are 
rough illustrations of this principle. 

The Analyst who Can Find the 180>Millionth 
Part of a Grain 

The sciehtific instrument for the analysis 
rf the light of incandescent vapoure by 
neansof a prism is known as a “spectro- 
icope," and the actual analysis is known 
is spectrum analysis. 

By means of vaporising substances and 
malysiiig their light, the most minute 
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traces of elements may be detected. For 
instance, one 180 millionth part of a grain 
of sodium, one six millionth part of a grain 
of lithium, one millionth part of a grain of 
strontium and calcium can be detected. In 
view of the wonderful delicacy of this mode 
of analysis, it is not strange that it led to 
the discovery of some of the rarer elements. 
In i860 Professor Bunsen was making a 
spectroscopic examination of the deposit left 
after the evaporation of the Durkheini 
springs in Germany, and he noticed some 
bright lines he had never seen before. 
Taking the hint, the . professor was led to 
search for new elements, and succeeded in 
finding ctesium and rubidium. Once seen 
and identified, they were found in minute 
quantities in other springs and minerals. 
Rubidium, indeed, has been found in coffee, 
tea, cocoa, beetroot, anil tobacco. 

Two years after the discovery of ca'sinm 
and rubidium, Sir William Crookes dis- 
covered another new clement which gives a 
magnificent bright green line through the 
spectroscope, which lie therefore christened 
thallium, from ihalltts, meaning a green 
twig. Two years later two indigo-coloiired 
lines betra37ed anf)tlier elinnent to two 
German professors, who straightway isolated 
it and called it indium, because of its indigo 
light. Finall3^ in 1875, two violet lines led 
to the discovery of anotluT new metal which 
its discoverer named gallium. 

The Instrument which Identifies Salt Burning 
in the Kitchen and Salt Burning in the Sun 
The importance of the spectroscojK'. 
therefore, in the identification and dis- 
covery of elements is uiulcniable, and a 
remarkable fact may he mentioned here. 
However distant incandescent light may hi*, 
it can be anal^^sed by the spectroscope, and 
will give evidence of the element which jiro- 
duced it. We can identify not only the salt 
burning in a kitchen fire, but the salt 
burning in the furnace of the sun. A sub- 
stance burning in the sun 93,000,000 miU's 
away may be detected witli as much cer- 
tainty as if it were in the laboratory, and in 
this \vay we have found out the constitution 
of suns and auroras and nebula?. In 
our own sun wc have discovered about 
half the elements known on earth, including 
iron, carbon, calcium, aluminium, sodiiini, 
potassium, magnesium, silicon, hydrogen, 
zinc, copper, silver, tin, and lead. Gold is 
not found in the sun, but some of the rare 
metals arc plentiful, and helium was found 
in the sun before it was found in the earth. 
In nebulae an element, nebulium, has been 
detected which has not been found in earth. 
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Many of these elements seem very 
superfluous. We can see some use in 
carbon, hydrogen, oxygen, nitrogen, and 
sulphur, since our own bodies, and all the 
animal life and plant life of the earth, arc 
built up of these elements. We can sec 
some use in iron, since a good many of us ply 
steel pens and carve with steel knives and 
shave with steel razors. We can see some 
use in calcium, since our bones are made of it. 

We can see some use in sodium when we find 
it in a salt-cellar. We can see some use in 
gold. But of what possible use can infini- 
tesimal quantities of samarium, or thulium, 
or erbium be ? The truth is that for many 
of the rare elements we 
have not yet found any 
use, but on the other hand 
for some, cither alone or 
ill combination with other 
elements, we have found 
most unexpected uses. 

Take, for instance, the 
well-known incandescent 
gas-mantle, by the light of 
which these words are 
written. It is composed of 
oxides — compounds with 
oxygen — of the rare ele- 
ments thorium and cerium, 
which are obtained almost 
exclusively from sand in 
Brazil, and great care has 
to be taken to purify the 
thoria and ccria from other 
rare elements. Further, 
the mantle is strengthened 
iiy being dipped into a 
solution of the oxides of 

aluminium and of the rare bkkaking up wATiiu into oasks 
substance beryllium, and which wouhi at first api>ear to hr an twenty inches of wire are 

^ , r . t r element, is not really so, hecatise it can he split up • i r i i 

the name of the manufac- imo ^ases in the manner imiirateii here. i>y rcquircd lor eacli lani]), a 
turer is written on the siiiRlc pound of osiniuin is 

burner with a solution of piemre the hy.lroRen is rollrrtinj; in the CllOUgh for 20,000 Itimiis. 

. .. . right arm of the IuIm: ami the OS yucii ill llie left arm. rp. j..,! , x j. 

uranium nitrate. The rare metals tungsten, 

Professor R. K. Duncan, writing in 1907, helium, and molybdenum have also been 



the Nernst lamp, the only incandescent 
electric lamp that burns in air. This lamp 
gives fifty per cent, greater light per unit of 
electrical power than the ordinary carbon 
filament lamp. Millions of these lamps 
have been sold. 

It is interesting to note that cerium and 
yttrium arc plentiful in the sun, and no 
doubt contribute to its radiancy. 

In the Wclsbach lamp the filament is 
made of the very rare element osmium. 
Osmium is a very refractory substance, 
more than twenty-two times as heavy as 
water, resistant to all acids, and fusible 
only in the electric furnace. The lamp 
gives a beautiful and 
economical light. 

Another rare metal, tan- 
talum, is used as filament 
in other electric light 
lamps. Tantalum is an 
extremely rare metal, 
found in very few localities. 
Like osmium, it is very 
resistant and refractory. 
In a slightly alloyed speci- 
men it was found impossible 
to pierce with a diamond 
drill a sheet one-twenty- 
fifth of an inch thick, even 
though the drill rotated for 
‘ jj three whole days at a rate 
of 5,000 times to the minute. 

1 Even wlien quite jnirc it 
is as hard as the hardest 
steel ; it docs not rust ; and 
it can he melted only at 
2 ,3(>o degrees centigrade. It 
can be (Irawn out into such 
fine wire that though 


says : ** In Germany alone over 150,000,000 
gas-mantles are manufactured every year, 
and the total number manufactured the 
world over staggers belief. To manufac- 
ture these German mantles over 330,000 
jHiunds of thorium nitrate arc employed, 
120,000 of which come from Brazil through 
the hands of a single firm at Hamburg. 
Millions of money and thousands of men 
are employed in the utilisation of a rare 
niineral which, a few years ago, had nothing 
hut an academic importance.'' 

The rare oxide yttria is used in con- 
junction with the rare oyide zirconia in 


used for electric light filaments, and the 
filament of the well-known Osram lamp is 
made of an alloy of osmium and tungsten. 

These rare elements, therefore, have been 
])ut to noble use — have been emi)loyed to 
transform darkness into light. It is strange 
to think that these refractory metals from 
the bowels of the earth should be used to 
light it, and should become vicars of the sun. 

Some of the rarer elements are also found 
useful in the preparation of alloys. Thus, 
steel can be quite altered in its properties 
by the addition of small quantities ot 
vanadium, tungsten, chromium, molyb- 
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(Icniim, nickel, or titanium. Even the 
sluggish, inert gases of the air may at least 
perform icstlietic functions, since it seems 
probable that incandescent krypton pro- 
duces the green light of the aurora borealis. 

He would be a rash man indeed who 
would dare to assert that any of the ele- 
ments are useless in the economy of man 
aiul Nature, or that even now all the most 
wonderful metals have been found. Out 
of the elements common and rare arc woven 
all the compound bodies of the world- the 
flesh of animals, the tissues of vegetables, 
the granite of the mountains, the water of 
the seas, the ooze of the sea- bottom. 

One of the most essential properties of 
matter is its weight. It is weight that holds 
tlie world together ; it is weight that makes 
the tides; it is weight that liolds the moon 
to tlie earth ; it is weight that holds the 
earth to the sun, 
and keeps the 
stars in their, 
courses. If we take 
a certain weight 
of an clement we* 
can melt it or 
vaporise it or 
free;^e it, we can 
change its coloiii 
and its shaj)e and 
its consist(Micy, 
but we cannot 
change its weiglit. 

A ])ound of water 
remains a ])ound 
of water, though 
we freeze it into 
ice or vaporise it 
intogas, ( heinists, 
accordingly, .soon began to examine the 
weight of elements and compounds. 

Tliey found that some are light, like hydro- 
gen, and some litNivy, like lead, but they 
found out a more interesting fact still — that 
the elements always combine with each other 
in weights, either exactly proportionate to 
tlieir relative weights or in .some exact 
multiple of these. Thus, oxygen is sixteen 
limes the weight of hydrogen; and water, 
a compound of these two elements, con- 
tains two parts by weight of hydrogen to 
sixteen parts by weight’ of oxygen. Hydro- 
gen j)eroxide, another compound of these 
two elements, contains two parts of weight 
of hydrogen to thirty-twt) parts by weight 
of oxygen. Again, the weight of carbon is 
to the weight of oxygen as twelve to sixteen 
— or three to four — and one of tlieir cDm- 
pounds, carbon monoxide, contains twelve 
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parts by weight; of carbon to sixteen parts 
by weight of oxygen, while their other com- 
pound, carbon dioxide, contains twelve 
parts by weight of carbon to thirty-two 
parts by weight of oxygen. 

Why should this be ? Why should 
elements have these exact combining 
weights ? Why should not hydrogen and 
oxygen equally well combine in irregular 
amounts by weight ? 

John Dalton answered this question by 
propounding the atomic theory of elements. 
He said that the elements could combine 
only in the proportions of theic relative 
weights, or in some multiple of these, 
because all the elements were divided into 
])articles that had certain definite weights, 
and could not be sub-divuded. Assuming 
this — assuming that compounds must unite 
particle by particle — it necessarily follows 

that the relative 
weights of the 
particles must dv- 
teniiiiu! the rela- 
tive weights of the 
elements in any 
compound. The 
i*ssence of tin' 
theory is that tlu 
ultimate ])iirticle- 
of matter are ol 
definite weiglit ami 
indivisible, and 
that each elemenl 
has its own ])ai 
ticular particles 01 
atoms, with a pai - 
ticular weight or 
atomic widght. 
Supj)ose one ele- 
mental atom weighs one grain, and 
another twelve grains. Then they ina\ 
unite in ]n*oportions one and twelve b\ 
weight, or two and twelve, or one and 
twenty-four, or two and twenty-four, nr 
four and twelve, or in any poijiortions thut 
are multi])les of their atomic weights, but 
they cannot unite in such projiortions 
one and seven, since that would obvioush 
involve the sub-division of a twelve-grain 
atom into seven and five. The very fact 
that such irregularities in the combining; 
weights of elements never occur seems t** 
prove that their ultimate jiarticlcs arc reall^ 
indivisible, and of definite weight. Tin 
weight of the atom of the element fixes th« 
properties of the element. 

The idea that matter is built up ‘ ’ 
ultimate indivisible particles is a very oil 
one, having been first formulated by tli' 



A riJ*:cic OF piTcniu.KNnic, Tin-: sourci-: ok radium 



A GUILLOTINK AT TIIK RADIUM INSTITUTK WHICH WILD CUT A 25,000 111 I'AKT OK AN INCH 

l’»y means of vapourising mailer and analysing its light, the most minute traces uf an element may be 
^letwned. A millionth part of a grain of calcium can be traced, and even one i8o millionth part of a 
^lain of sodium. The .same measurement of infinitely small portions is achieved at the Kadium 
Institute in London, where these pliotograplis were taken. 
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Greek philosopher Democritus, and we find 
the great Sir Isaac Newton propounding it 
in no uncertain words. ‘‘ It seems probable 
to me,” he writes, “ that God in the begin- 
ning formed matter in solid masses, hard, 
impenetrable, movable particles of such 
si:zes and figures, and with such other pro- 
j)erties, and in "such proportion, as most 
conduced to the end for which He formed 
them ; and that these primitive particles, 
being solids, are incomparably harder than 
any porous bodies compounded by them, 
even so very hard as never to wear or to 
break in pieces, no ordinary power being 
able to divide what (iod Himself made one 


blances to each other ; and as we run up and 
down them, the particular family features 
either progressively wax or progressively 
wane ; and if we know the physical and 
chemical characters of any one, we can tell 
pretty exactly the physical and chemical 
characters of its neighbours. 

As Professor Duncan w'ell says : The 
periodic law of the atoms is God's alphabet 
of the universe. By means of it only can 
we ever hope to spell out the history of 
the future of creation. It lies before us, 
lacking only the master- word — the open, 
sesame — to creation ' and, who knows, to 
the Creator, too ? ” 


in the first creation.” 

Dalton, of course, was not the author of 
the atomic theory, but he . , . . — , 

applied it to explain the - 

facts of chemical combina- 
tion ; and though modern 
science begins to d(3ubt | 
the indivisibility of the 
atom, it will never cease 
to find the theory a most 
useful working hypothesis. 

Though the elements 
have each individual 
weights and individual 
characters, yet some of 
them have resemblances 
to each other ; and a (Ger- 
man chemist, J. W. Dober- 
einer, showed that some 
of them could be arranged 
in threes or triads, so that 
each triad should contain mf.ndec^icf, who 
elements noticeably like known elkmknts 


To illustrate the efficacy of the law we 
need point only to its prophetic value in 

the hands of Mendeleeff. 

- I ,When Mendeleeff first 
.made his table, scandium, 
gallium, and germanium 
were unknown, and in 
j order to bring his group- 
^ing right Mendeleeff had 
to jiiit blank spaces where 
these elements are now 
placed. But he was sure 
;that elements there must 
^ be to fill these blanks ; and 
from the situation of tlu‘ 
i blanks in the scheme he 
j was able to predict almost 
the precise properties tlu? 
missing elements must 
possess. In time the ele- 
ments were found ” out of 
FORETOLD UN- tlic night of tlic unknowii, 
WITH AMA^^.iNG oiie after another came to 


each other. accuracy meet him. One from the 

But nnich more remark- A the hills of Scandinavia, 

able groupings of the predict not only that unknown elements mmid b. another froHi the Pvrenccs 

, o 1 o . , 1 found, but that they would pos:.ess particular pro- r t-* t i ■ i 

elements were yet to be pertics. in time the dements were discovered, of L rance, and a third 
found. Professor Mendelcef answering almost exactly to his predictions. mincs of Gcr- 


and other authorities have shown that if 
the elements, beginning with lithium, be 
arranged in series accotfling to their atomic 
weight, every element tends to repeat, in 
increasing or decreasing degree, the proper- 
ties of any other element eight removed 
from it. Thus the first and the eighth and 
the sixteenth have remarkable similarities ; 
so have the third, the tenth, and the seven- 
teenth ; so have the seventh, the fourteenth, 
the twenty-first ; and so on. If we simply 
arrange the elements serially, according to 
their atomic weights, in horizontal lines of 
seven, we obtain perpendicular rows of 
related elements. 

Each of the groups in such a table con- 
tains members with strong family resem- 


many,” and they were found to answer 
almost exactly to his predictions. 

Surely a law with such amazing prophetic 
power — ^ablc to foretell the properties of an 
element unknown by man since the begin- 
ning of the world — must be based on a firm 
foundation. 

Let us now look for a moment at mole- 
cules. Atoms seldom, even in simple gases, 
remain single ; they always tend to join 
and form complexes known as molecules. 
The basis of all compounds— and there are 
hundreds and thousands of compounds in 
the world — is the molecule formed by the 
junction of atoms. In most inorganic com- 
pounds the atoms that make the molecule, 
and by their conjunction produce all tlie 
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|)roperties of the compounds, arc usually 
iiiily two or three. Thus, water consists of 
two atoms of hydrogen 
and one atom of oxy- 
^^en ; sulphuric acid 
consists of two atoms 
of hydrogen, one of 
sulphur, and four of 
oxygen ; and carbon 
monoxide consists of 
one atom of carbon 
and one of oxygen. 

On the other hand, the 
molecules of organic 
substances, and of the 
so-called carbon com- 
j)ounds, are often com- 
posed of a multitude 
of atoms. Thus, the 
molecule of blood- 
ilbumin or scrum- 
:i 1 b u m i n has been 
analysed into 450 
atoms of carbon, 720 
atoms of hydrogen,' 

116 atoms of nitro- 
“[cn, 140 atoms of 

oxygen, and 76 atoms 
of sulphur ; while the 
rhernical composition 
of nuclein is still more 
romplicated, nuclein 
being a complex albu- 
minoid substance con- 
taining phos])lioius 
and iron in organic 
conibination. Tn many 
rases the atoms in the 
carbon compounds arc 
built together in bits, 
so to say, and their 
architecture is indica- 
ted hy names such as 
tri-phenyl - triamido-di- 
phenyl - tolyl - carbinol, 
and hexa - phenyl - iso- 
propyl - methyl - ketone- 
carboxylic acid, Che- 
inistry consists mainly 
in a knowledge of the 
different affinities of 
atoms, and of ways in 
^vliich molecules can 
b(- broken down and 
built up, and the 
^<‘icnce of modern 
^Mithetic chemistry 
j^as succeeded in build- 
ing up some thousands of interesting com- 
pounds that are quite unkpo-wn in nature. 

1 M 


It is a 
proclivities 



A RARK ELEMENT THAT HAS LEAPT INTO 
UNIVERSAL USE 

It is often asked what put pose the rare ami littic-kiiown eleiiuMils 
ran serve, and il is true that fur many elements no use has yet 
been found. Rut it is equally true that an ekineiit known only to 
scientists a few years a^o as a thing of ar.'tdeiiiic interest has 
now become the b.'isis of an enormous industry. (.)iil of some of 
the rarest elements in nature are made the hundreds of millions 
of incandescent gas-imiiitles now used throughout the world. 


curious thing that the social 
or combining tendencies of 
atoms vary immensely, 
some— such as argon 
and liuorine — being 
very averse to com- 
bination, and others- - 
such as carbon, oxy- 
gen, nitrogen, and 
hydrogen — being 
willing to combine in 
an inlinite variety of 
ways. The force of 
affinity also varies in a 
very interesting way. 
Potassium is so fond 
of oxN'gen that if a 
little jneceof potassium 
he laid on the surface 
of water it will rush 
about, tearing up the 
molecules to obtain 
oxygen, so fervently 
that it sets fire to the 
hydrogen. Hiemoglo- 
bin, again, sei;?os 
oxygen readily, but 
does not retain it very 
firmly, otherwise we 
should all be in a sorry, 
cyanosed condition. 
I^'luorine, again, will 
not have oxygen at all, 
but rushes to hydrogen 
with explosive violence. 

Even more interest- 
ing and wonderful than 
chemical affinity itself 
are the results produced 
by the combination. 
Tlie two gases oxygen 
and hydrogen join, and 
behold we have the 
wonderful liquid water. 
The metal gold aiifl 
the corrosive vapour 
chlorine join together, 
and lo ! we have a 
clear fluid. The carbon 
of a diamond and the 
oxygen of the air join, 
and lo ! we. have a 
suffocating gas. The 
gases oxygen, nitrogen, 
and hydrogen join with 
a little carbon and 
sulphur, and form a 
seed that grows to a 
man. In the affinity of elements lies 
all the mystery of material form. 
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This astonishing photograph shows, 40,000 tilnes bigger than they really are, a colony of living cclN 
each one of whicn is reproducing itself by dividing into two, which divide into four. All cells of living 
creatures are derived by development from a single cell. These cells, photographed by Mr. 1 . J. Wart I. 
represent the lowest kinds of green plants — the organisms which often produce the slipperine^- 
of rock^ in moist places. The principle of reproduction is similar, however, in most forms of lik- 
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LIFE REPRODUCES ITSELF 

The Marvellous Processes by which Life Divides 
and Multiplies and Builds up Every Living Race 

THE SUPREME MIRACLE OF THE WORLD 


L ife persists and excels itself, but all living 
individuals die. All individuals being 
mortal, the maintenance and the destiny of 
all living species depends upon the capacity 
of the individual, before it dies, to reproduce 
itself, or leave some living remnant or 
minute epitome of itself from which will 
be again produced a creature to replace that 
which is gone. 

It has been suggested that, on other 
worlds, life might embody itself in ]^crmancnt 
continuous forms, and that, for instance, the 
markings on Mars might be due to one 
l^crsistent, straggling, undying body of life. 
Hut on the earth, at any rate, and for reasons 
which we can begin to divine, the continu- 
ance of life is in a tissue of births and deaths. 

Individuals may persist for amazing 
j)eriods. We may find giant tortoises which 
arc centuries old, and trees which are thou- 
sands of years old, but we find that they die 
at last, and we have only to examine them 
in order to find that they were constructed — 
tree, day-fly, take what creature wc will, 
long-lived or short-lived — not wholly, if 
even primarily, for themselves, but for rei)ro- 
duction, for parenthood, and the future. 

The modes of reproduction are many, and 
in the vegetable world especially wc find 
snch cases as that of the strawberry, with 
its runners ; the begonia, which can be repro- 
duced from a portion of a leaf ; and other 
exceptions to the rule. But they are merely 
of curious interest, and the rule to which they 
are the exceptions is universal, applying to 
the strawberry and the begonia as well as to 
all other living forms. It is that the 
individual animal or plant yields a portion 
of itself, which is never more and never less 
than a single cell, and from that cell the new 
individual is formed. Every living individual 
i^ cither, as some arc, a single cell from first 
to last, or else, as all the higher forms are, 
a multitude of cells developed from a single 


cell. Thus even the many-cellcd animals 
and plants, including ourselves, arc single- 
celled in the first period of their life. Here 
is a problem, evidently, for we have to 
explain how the single cell becomes an oak 
or an elephant or a man, and that is the 
great vital problem called development. 

But we shall never solve the questions of 
development unless we begin at the begin- 
ning, and tliere is enough here to engage us 
for many a long day. We must not attempt 
too much at once, for we are dealing with the 
most complicated and difficult subjects of 
all imaginable iiuiuiry. Even the human 
brain is sim])lc comi)ared with the ])roblems 
of a microscopic cell which develops into a 
man, brain and all. Therefore, wc must 
definitely leave development out of the 
question at present, as writers in the past 
have too often declined to do, and we must 
try to find the facts of these cells from which 
new individuals grow, and which are in 
themselves the new individuals at the 
earliest stage of all the many stages between 
their begetting and their death. 

There is plenty of material to study, for 
birth and death ar^ on all hands. Indeed, 
the first general fact of reproduction is its 
extent and its insistence. Over-production 
is the keynote, the ruling principle, of the 
living world. It seems to involve tlic most 
unheard-of waste, yet it is the definite and 
constant rule, and we have good reason for 
believing, from all manner of other evidence, 
that economy of means, and waste of 
nothing, is no less a principle of life. The 
truth is that this apparently insane and 
purposeless excess of reproduction, which 
leads living beings to form thousands and 
millions of cells, sometimes millions a year, 
each one proposing to grow up into a new 
individual, and not one in millions succeed- 
ing, is not really wasteful if we look at life as 
a whole. The countless eggs of the fish 
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which never reach maturity are consumed 
by other fishes and inhabitants of the sea, 
and serve their lives. The immature mem- 
bers of almost any species, animal or vege- 
table, arc the staple diet which maintains 
the life of other s])ecies. As regards any 
])articular s])ecies, the lavish abundance of 
its reproduction seems utterly wasteful, but 
as regards the sum total of life there is in 
the long run no waste. The point is well 
worth making, for the waste involved in 
reproduction is one of the standing themes 
of amateur comment, and has been con- 
stantly described without the further obser- 
vation which shows that the waste is more 
apparent than real. 

A Microbe that Might Grow into Thousands 
of Tons of Microbes in One Day 

The ca])acity of reproduction, if only tlicre 
be nothing to interfere, and if food for the 
new cells to live and develop be available, 
is beyond all bounds. A single microbe, 
with a fair held and no op])osition. could 
become sixteen millions in twenty-four 
hours. Not, of course, that the necessary 
su])})Iy of food and oxygen, and so forth, 
could ever quite satisfy such a hgure, but 
the observed rate of reproduction would 
correspond to such a figure if circumstances 
permitted. The microbe of cholera, which 
is capable of doubling itself every twenty 
minutes, might in the course of a single 
day become 5,000,000,000,000,000,000,000 
microbes, with a weight estimated at 7Jb() 
tons. One microbe has actually been, 
observed to become 80,000 \u twenty-four 
hours, and 20,000 injected into a rabbit 
have been found to reach the number 
of twelve thousand millions in a day. 

And if we consider the rabbit itself in 
Australia, or the rat, or some new weed 
introduced into American streams, or any 
other case where the potentialities of repro- 
duction get a chance to show themselves, 
we fmtl that a single pair of individuals will 
soon people a continent, or a single seed 
become the jxirent of a forest. 

How Life Overruns the Land and Crains 
the Sea with Ever-increasing Speed 

Wherever reproduction gets its head, life 
overruns the land, or crams the sea, with 
inevitable and ever-in.creasing speed, for its 
methodjs that of geometrical progression — 
1-2-4-8-16-32 . . . and millions in no 

time. It is only because there are so many 
living species, animal and vegetable, and 
such long-standing balance of munbefs, on 
the whole, between them, that we do not 
realise the full measure of the reproductive 
pace, except in novel circumstances, where 
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man’s interference, or some other unusual 
factor, has altered the balance of nature 
and given some species or other an open 
field for development. 

This tendency of reproduction definitely 
involves over-production. The normal case, 
for any species, is that more, vastly more, 
new individuals are produced than can 
possibly find room for their development. 
Accordingly, they die. as a rule to form tin; 
food of some other species ; or, at the W'orst. 
to serve the cycle of life by the decom- 
position of their dead bodies. There is no 
ultimate waste, we therefore see, -and ther(‘ 
is much possible gain, of a kind which has 
only lately been guessed. For this over- 
j^roduction is a cardinal part of the founda- 
tions of Darwin’s theory that organic evolu- 
tion is due to natural selection. If there be 
vacancies in your service for all the candi- 
dates, the duffers and the lazy will all get 
places, and your entrance examination is a 
farce. Just so, if there be food and room 
for all the young of a species, none will \v' 
rejected, and there can be none of that 
process of natural rejection, which is the 
more accurate name for natural selection. 

The Amazing Cell of Life from Which 
Every Living Creature Comes 

This over-productivity, normal throughout 
the living world, and without an cxceptioji, 
until we reach the case of civilised and very 
recent man, is therefore to be ])ermane!illy 
kept in mind as an essential factor of one of 
the great moulding forces of the living world. 

Let us now look, if we can, at the details 
of the process which has such stupendous 
consequences and possibilities. It is an 
all-important step to have learnt, thanks to 
the illustrious Harvey still more cele- 
brated for his discovery of the circulation of 
the blood that, as he said, every living 
thing is from an egg omne viviim cx orn. 
We can now, thanks to his beginning, make 
the statement more precise, and say that 
every living thing is (huived from a cell. W'l’ 
concentrate therefore upon these cells, and 
ask their origin and history, and their rela- 
tion to the individual which bears them, and 
dies-, and leaves them as its legacy to tht; 
future. We shall find very great contrasts 
between the simplest and most comi)leK 
forms of the process of reproduction, but 
we shall find quite simple principh s 
throughout. Above all, wc shall find that 
the study of reproduction teaches us tar 
more about the living cell, its structure and 
its nature, than we could ever learn about 
it by the study of cells which are not engag' d 
in this extraordinary process. 
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NaUirally, it is the ono-celleil creatures 
that provide us with the simplest case, and 
tlie simplest of them are indeed too simple 
lo teach us much. If we observe a microlSe. 
a simple-celled vegetable creature, which 
lias no nucleus, and almost no visible struc- 
ture whatever, we find that it divides by 
what is called fission, or splitting. It really 
seems to live for this purpose, and we have 
seen tliat in twenty minutes or half an hour, 
under favourable conditions, one generation 
passes and is rejdaced by another. 'I'he little 
cell shows a sort of constriction at (^j'lposite 
sides or (utds as if an invisible .string 
were being tightly drawn round it— aiul 
s])lits into two. It seems to be just a matter 
of convenience, for ]nirposes t)f getting food 
and oxygen, that when the cell lias reached 
its full s'lXc, and still wants to increase' its 
life, it should split into two rather than 
grow inconveniently larger. As to the details 
of the process, and the maimer in which the 
constriction is luought about, wt* cannot 
say : but the students 
of physical forces and 
j^rocesses. such as the 
passag(; of fluids and 
solutions through 
nu'inbranes, are. begin- 
ning to suggest tliat 
this splitting of simple, 
cells may be more or 
less explained in terms 
of what we obs<‘r\’e 
a])art altogether from 
the actitin of life. 

Re])roduction (d 
this kind is so utterly 
reiuott; from what we 
of all but the lowliest forms of animals and 
|»lants, that we almost fe(‘l as if nothing 
could be learnt from it. That, however, is 
not the fact. We liert^ see that what we 
eall the body in the case of higher forms 
does not exist. These, creatures are all race, 
so to say. and individuals worth recognising, 
^'lio have bodies of their own that die witli 
them, do not exist, ff we use Weismanii’s 
l‘rm of germ-plasm, we see that the 
niic.robes and similar forms arc all germ- 
I'l.isiu — there is no body, and therefore no 
1 ody-plasm with which to contrast the gerni- 
I'lasiu, as Weismaim has so wisely taught 

to do in the case of higher forms. 

I he yeast-plant offers us a good and 
^ nniliar illustration of a mode of repro- 
'"iction which is not quite so simple as 
h ''ion, but which is only removed from that 
^■aiplicity by a step. The. yeast -plant is a 
I' und ceil, which grows to its full sii^c, and 



TWO WAVS IN Wmcil CJ-a.r.S KKCROOCCli 
TlII.MSKLVKS 

Tlif first of llu-se (lit turt-s sliowsa rt*!! .'ilmiit to divide liy spliltiii’.;, 
as if :iii iii\ isililc Mrini* wire lu-iii*; drawn lii;litly nnnid It d in- 
svt.oiid shows yc.ist « vlls eproihu iii>; th<Mnsvlv«‘s l^y hiiddiii,,;, as 
the rells ol siiiiple plants suinetiiiies do. 


)l)Ser\’e in the case 


then, instead of splitting into two, forms a 
sort t)f bud, which at length becomes 
detached and constitutes a new individual. 
Sometimes we may see a series of such buds, 
of diminishing si^^e, more or less attached 
to each other, and in a little while they will 
each he free and inde|)endcnl. This repro- 
ductive process is cjdled reproduction by 
gemmation, or hiukling. It is a stage 
higher than lission, for in this case the jiarcnt 
can he identified, and survives the repro- 
ductive ])rocess ; hut, all th(^ same, we see 
that there is not very much diffeience. 
l)etween the cell wliicli s]dits into two and 
the cell which, instead, buds off somewiiat 
less than (uie-Iialf of itself. In such a case, 
as the yeast-ciil, nv the other sim])le. forms 
of life which reproduce by budding, tliere 
is no nucleus, and tli(*refori* in this case 
there arise none of the ])roblems wiiicli 
the ]n'esencc of a nuckuis involves. 

Tlie very astonishing fact has beiui 
observed that in sonu* species wliicli repro- 
duce tliemsi'lves ill tlu‘ 
simplest fashion, and 
in which tlieic is no 
such thing as sex, 
individuals can lU'ver- 
tlu'k'ss he observed to 
fuse and become oiu^ 
just the o])j)osite 
] process to that we 
liave l)c‘eu ek'serihing. 
This jH’occ'ss is calk'd 
conjugation, and in 
tlu'se lowly forms wc' 
observe lor the lirst 
time a. ])lienomi*nou of 
life wliicli is of scarcely k*ss iiiiportauc e than 
cell-division, and tlic' full meaning of wiiicli 
we are still miahk' to discover. That cedis 
should grow' and divide, eitlii'r cells that are 
complete! individuals in tlu'inse'lve's, or cedis 
forming ])art of a growing body this we 
can uiide'istaiid ; but it is another matte'r to 
explain the* exact o[)j)osite! of this process, 
tw'o sepal ate cells Ix'coming euie. 

This looks like, a reversal of the stream of 
life and as if the! tendency of living things 
were being ek'fied. WV shall learn, Iiowever, 
that cell-division is served by cell-union, foi 
wherever tlie're. is sex, cell-union or con- 
jugation involves the formation of cells 
which arc destined to divide, and change 
as they eliviele anel multiply, until we see 
befeirc us the full-forincel anel iiitinitedy 
complex boily of a horse, an oak, or a 
man. Then! is thus some subtle fact e.)f 
the living cell and its processes wdiich exr 
presses itself in a kind of balance between 
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THE KEY TO ALLTHE PROBLEMS OE LIFE 



r 1 


The living cell, represented in these pages as the fullest powers of the microscope reveal it to us, holds the key to problems wliu li •' 
bafHed men through all the ages. So small that ten mil lions of them could come into a .siiiglc square inch, a single one of tliesi- ■ 
has in it all the potentiality of life — of an oak, or a liofl, or a Shakesj^are. Kvery living thing is made up of cells similar to ' 
linked together into a continuous wall of tissue. On the right-hanil fiage is an attempt to represent the very beginning of a living tii' 
The large cell on this page maybe called the mother cell. The right-hand page show^s how from this cell proceed daughier i ■ 

In the first cell the luicleiis is in its normal globular form, and its vital substance is arranged in loops, which are called chroinosoino. < ' 
two black Specks on the outer edge of the nucleus are called centrosomes, and here they are seen separating to opposite polss. in * 
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" ' ''Mil cell the cenirosoiiics ha\e fotmed two opfiosiiiK spheres of attraction, with fibres, in spindle form, ouiiiectin.i' tlicin. Koiind these 
I ''ICS the chroinosotnes niranj^e themselves, and an aiiiaziii^ thiri{' now develops. In some iiiystcrioiis \\:iy each chri>mosiiiiie is split 
' '-^thwisc, w'ith the result .shown in the third cell, and the two separate llieiiiselves to the o|>posile poles, thou.;;h still liolditii' to the 
* iiiient attached to the centrosomes. The stage stiow'ii in the fourth cell is thus reached, and now occurs the supretne miracle of the 
l- ais^ world, upon which life and all mankind depend. The fibres break in two, and each set of ebromosomes l/cromes a separate 
’ ' ‘ U'lis. The cell divides, and in pl:"'c of the iiiotbcr cell there remain two daughter cells, each in time to hecome a iiicjther 
'• So these two multiply themselves, and so, from the beginning of living things till now, has all life been sustaineil. 
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cell-division on the one hand and cell-union 
on the other. This we see in its complete- 
ness if wc contemplate the sequence of 
events from generation to generation, Jn 
any of the higher forms of life. Two 
cells unite, as wc shall sec, and form one. 
This divides and forms l^illions in the body 
of the new individual. Of these billions 
some are such that if one of them unites with 
a similar cell from another individual, 
another new individual will be formed. The 
sequence of generations, the making, growth, 
and destiny of successive bodices, is there- 
fore a rhythm of alternating cell-union 
and cell-division. This wc observe and 
describe, but it is 
not yet awhili; 
that wc shall 
explain it. 

Allusion has 
been made to a 
fact which is 
closely iissoci- 
ated with repro- 
duction and is 
thought to bean 
essential part of 
it, the fact of 
sex. We shall 
make no real 
progress with 
our subject un- 
less we rid oiu - 
selves from the 
h r s t of this 
almost universal 
and certainly 
\ery excusable 
m isc o n c c p - 
tion. Observe 
that it was pos- 
sible to describe 
u n q u c s t i o n - 
able reproduction in the case of many 
eliicient and successful and important 
races of living beings, without any allusion 
to sex at all. Not only those such as 
we have mentioned, but many creatures 
such as the amoeba, which has a nucleus, 
and goes through a vastly more complicated 
reproductive process — exactly the same as 
that gone through by the cells of all 
the higlier and highest forms of life — 
are totally without sex. 

We may say, if wc like, that all the indi- 
viduals of these species ar-e of one sex, in 
which case the sex must evidently be female ; 
and certainly the female sex may thus clhim 
greater antiquity than the male. But, at 
any ratcy sex, and the relations of sex, and 
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the different forms of the two sexes, thek* 
different functions, and all that this 
implies, alike for individual life and for 
re})roduction itself — all this is totally absent 
in many species, and is to be looked u]^on 
as unquestionably a later development of 
evolution, a new complication, not essential, 
wliich has been introduced, for some reason 
or other still highly obscure, into the process 
of reproduction. 

Thus what we have been describing 
hitherto all comes under the heading of 
asexual — that is, not sexiuil — reproduction, 
and wc sliall not appreciate its importance 
unless wc glance for a moment at far higher 

levels of evolu- 
tion, and obserce 
the facts of re- 
production in 
certain specits. 
as, for instanct*, 
many insi'cfs, 
Avlu're sex is a 
well - established 
and important 
fact. T h e s e 
creatures, ot 
course, illustrate 
sexual repro- 
duction, but tlu‘ 
remarkable fact 
is found that, 
notwithstanding 
the existence of 
two sexes, tlu‘ 
females aloiu* 
will sometinu's 
reproduce'. This 
l>henomenon is 
known as par- 
thenogenesis, or 
virgin-birth, and 
a notable cast* of 
it is furnished by the social bees. When 
both sexes are concerned in reproduction, 
the offspring may develop, according to 
the food they receive, either into queens 
or into workers, which are stunted and 
imperfectly-developed females. But where 
the females alone are concerned — tlnU 
is to say, when the eggs of the queen 
have wholly been derived from her alone, 
we find 'that these unfertilised eggs 
— to use a delusive old phrase — develop 
into males, or drones. Clearly, then, sexiud 
and asexual reproduction both have their 
place in the economy of the beehive, and 
though both sexes exist, the females retain 
the primitive power of living creatures 
before sex was evolved at all, and can 



now rilK CELLS OF LIFE MULTIPLY 


Thf.se |)i«'tures show the ninltiplu'alion of the cells in a crab, ami they are typic-al 
of all liviii)' thiin^s. On the left is seen a .sinule cell, which divides into two, 
which become four. So cell division Roes on iiidelliiitely - cells join together in 
u iiiillioii ways, and a living creature is in the wv.>rld. 
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become mothers without any contribution 
from the males. This justifies the view that, 
as has been said, “ Life is female,*' and it is a 
clear and conclusive refutation of the idea 
that reproduction is an act of sex, and that 
the two arc always necessarily allied. 

We cannot, however, discuss sex or 
sexual reproduction without first studying 
the case of asexual reproduction in creatures 
which have nuclei in their cells ; or rather, 
which consist of nucleated cells. This is 
]U‘C( ssary because we shall find that the 
nuclei of what arc called germ-cells play 
the essential jKirt in the jirocess of sexual 
i-cj)roduction, and we shall \ni in some degree 
pri'pared for the remarkable behaviour of 
the nuclei in these cases if we find, first, 
how a nucleus behaves in a dividing and 
leproducing cell, apart from sex at all. 

The anueba will serve as an illustration. 
A dividing wliite cell from a drop of our own 
blood would reidly do as w(41, if we were 
sure not to be confused by the vast differ- 
('nc(^ b('tw('(Mi the cell which is a complete 
individual in itself, and the cell which is an 
inlinitesimal unit in a body such as ours. 
Nevertheless, we do well to learn that the 
process is really the same in the two cases, 
for it will i)rejmrc us to understand that the 
act of rei)rodiiction, whereby the amoeba 
divides into two se|:)arate individuals, is in 
essentials the v(?rv sanu^ as those numerous 
acts of cell-division by which a body is 
formed and develops and completes itself. 

What We Can See of the Growth of Life 
Under the Microscope 

Let us, then, sec what happens to and in 
the amoeba. When it is full grown it divides. 
If we observed it under a high-])ower micro- 
M;op(», we find that the process de])ends uj)on 
llie nucleus, and that the division of the 
rell as a whole is simply the last step, after 
a series of other steps have been taken by 
tlie nucleus. Not until they are completed, 
and have resulted in two comj^lete nuclei, 
l\’ing inside the cell, one rather towards one 
side and the other rather towards the other 
^ide, does the cell as a whole divide. The 
general cell-plasm, or cytoplasm, i)lays an 
entirely subordinate part. It initiates 
nothing, and does nothing until the very 
end, when it simply ])arts in two, so as to 
enclose each of the two young nuclei with 
•i cell-plasm of its own. We must regard the 
ec toplasm as indeed only a subordinate 
‘'^nd non-essential part of the amoeba, or 
of any cell which has a nucleus at all. The 

toplasm protects the nucleus, contains, 
and even obtains, nourishment for the 
nucleus, and doubtless receives the waste 


products of the life of the nucleus ; but the 
nucleus is the essential cell, just as the brain 
is the essential man ; and cell-division and 
reproduction in all cells, animal or vegetable, 
that have nuclei is nuclear division. 

The Marvellous System which Must Have 
Its Home in the Nucleus 

It might be that nuclear division was 
much after the fashion of the division of an 
entire cell, such as a miend^e — that the 
nucleus simply became constricted and thc'n 
divided into two by a sort of splitting, and 
that this was followed by the division of 
the cell-body as a whole. On the contrary, 
we find that the nuclear division depends 
upon a long series of changes inside the 
substance of the nucleus. Their object, it 
would a])pear, is to ensure, as far as possible, 
that every tiniest part of the nucleus, 
which must have many parts, each with its 
own uses and functions, shall be separately 
and scrupulously divided, so that each of the 
daughter nuclei and each new cell shall have 
a due share of (wery part of the parent. 

We know that, with important qualifi- 
cations, s])ecies indefinitely maintain the 
specific characters of their type. This 
could only be if, in the course of the cell- 
divisions upon which the history and 
existence of each species depends, there was 
this just and exact subdivision of the nucleus 
in minute detail, so that a little |)orti()u of 
everything went into every member of the 
next generation. If we think of the case of a 
one-celled animal, such as the aimeba, ami 
take the hyj)othctical case describetl abovi;, 
we shall see that this must be so, even to far 
minuter details than the diHerence between 
locomotion and sensation. The t iny details 
of locomotion and sensation are similar in 
amcelxe generally ; each of these details 
must somehow be represented in the 
nucleus, and tluly shared between its 
daughter nuclei when it tlivides, if the 
datighter nuclei arc to become the nuclei of 
arncebtx which, in a thousand particulars of 
structure and function, display the ancestral 
characteristics of their species. 

The Mysterious Breaking-up that Occurs 
Inside the Nucleus 

We know that a cell-nucleus, wherever 
wc find it, has a definite structure. It may 
be the nucleus of a human blood-cell, or the 
nucleus of a cell which will develop into a 
human being, or the nucleus of an amreba, 
or of a cell of an oak. In every case it has 
just the essential structure which we see in 
the case of the amceba, having a compli- 
cated network which stains well when dyes 
are applied to the cell, and is therefore 
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called the chromatin. If we watch the 
amceba when it reaches the period which 
demands cell-division, we find that the 
nuclear network begins deliberately to 
break up and resolves itself into a number 
of lengths or pieces, each quite separate 
from the rest. The number of these pieces, 
in any species, is constant, and is main- 
tained in every cell of any part of any 
individual of the species. The amoeba 
is never more than single-celled ; but 
if we looked at a mouse or a lily, we 
should find that the number of the chromo- 
somes in any . dividing cell of any mouse, 
and in the cell from which any mouse is 
made, is always the same. Sixteen is a very 
common number, but in some species it is 
eight, in some twelve, and so on ; but the 
rule is that the number, whatever it be, 
is always even. This is not a matter of 
chance, nor a trifling curiosity, as we shall 
learn when w’c come to study sex and 
its consequences. 

The next stage of reproduction involves 
much movement inside the nucleus, and so 
do future stages. This entire process has 
therefore been given the name of karyo- 
kinesis, which. simply means nuclear move- 
ment, and it is in karyokincsis that the 
ultimate ]^roblems of development and 
heredity are now slowly beginning to find 
their solution, or the key to their solution. 

The Amazifig Processes of Breaking Down 
and Building Up Inside a Living Speck 

The pieces into wliich the chromatin net-* 
work of the dividing nucleus breaks up are 
called chromosomes, or colour bodies, and the 
next fact we observe about them is that, no 
sooner are tliey formed, tlian tliey proceed, 
each and all, to split lengthwise, so that 
the sixteen chromosomes -if that was the 
number — arc now thirty-two. Meanwhile all 
the chromosomes have contrived to arrange 
themselves in regular fashion in the very 
centre of the nucleus, while at two opposite 
sides of the nucleus we find a small round 
object from which proceed what look like 
a number of fine threads, moving toward 
the centre where the splitting chromosomes 
are arranged in a sort of plate. The figure 
thus made is like a spindle, as the accom- 
panying series of pictures show. When the 
chromosomes are split, one half of each 
seems to be drawn towards one pole of the 
spindle, and the remaining half to the other. 
At the end of this stage, we therefore have 
sixteen halves of the original chromosomes 
at one side of what was the nucleus, -and 
sixteen at the other. Little more is required 
for each set of sixteen to settle down at its 
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own pole, for the separate sixteen, in each 
case, to fuse together, and form a nuclear 
network once more, and now, in a little 
while we have two nuclei in the cell, the 
cell-body divides between them, and the 
process of reproduction is completed. 

The Exact Reproduction of the Cell in 
Two Perfect Halves 

We mu^t particularly observe that this 
whole process has been orderly and precise, 
and that its object has clearly been to obtain 
a just and complete subdivision of the 
structure of the original nucleus, so that 
its daughter nuclei may each have half of 
everything that was in their parent. And 
we observe how the splitting of the chromo- 
somes and the careful withdrawal of the 
split halves, each to its own side, ensures 
that, in each of the daughter nuclei, th(^ 
number of chromosomes shall be the same 
as in the parent. Thus, from generation 
to generation, the particular numbeM* charac- 
teristic of the species is maintained. Tht* 
sixteen in each daughter nucleus fuse aiui 
form a network. J^ut when the new cell 
divides, in its turn, its nuclear network will 
break up into sixteen chromosomes, as its 
parents did ; and each of these sixteen 
will split -and so the process will be 
indefinitely repeated. 

No further problem, in the matter of the 
number of the chromosonujs, arises in the 
case of such an organism as the amceba, 01 
any other asexual species. 

It is plain, however, that a diflicull\ 
must arise if we consider a sexual si)eeie^ 
where the new generation is formed by tin 
cell-union of a cell from an individual ol 
one sex, and a cell frt)m an individual (»1 
the other. Each of these cells will, ol 
course, essentially be a nucdcus, the chroma- 
tin of which consists of, say, sixteen 
chromosomes. If, now, these two nuclei 
fuse, will not the number of chromosomes 
in the new nucleus, and, therefore, in the 
new generation, and in every cell of tlu 
new individual, be not sixteen but thirty- 
two-? It would naturally seem to be so. 

The Centre Body of the Cell which Initiates 
the Wonderful Changes 

We shall later see how, in the evolution 
of sex, life has provided a remarkable 
arrangemcaat, only lately understood, wherel)\ 
this apparently inevitable doubling of tlu 
number of chromosomes in success! \t 
generations is avoided. : 

The process of karyokinesis has been 
studied with minute care in a vast number 
of species, and different observers vary in 
their description of the minuter details. 
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Certainly, also, such details vary in different 
species. Great discussion is maintained 
on this topic, but it is of little importance 
whether one observer describes ten stages 
in karyokincsis and another twelve. There 
is no question as to the essential fact, 
which is the formation, and splitting, 
ind due allotment of the chromosomes. 
I hit there is one other fact which must 
1)0 mentioned in connection with this 
important process. 

In a typical cell, close to the nucleus, 
but not in it, we find a small object, quite 
distinct, forming part neither of the nucleus 
nor of the cyto]dasm, which is called the 
( cntrosome. We shall not make head- 
way with this subject until the unfor- 
tunate clash between “ centrosome and 
‘‘ chromosome ” has been overcome by 
the memory. The centrosome, though it is 
not part of the nucleus, jilays an essential 
])iirt in the process of cell-division, and 
itself scrupulously divides into two parts, 
l^'urther, it is the centrosome that starts 
the process of cell-division and karyokinesis 
ol the cell. If we watch the cell, we find 
that, before the nucleus begins to show 
changes, the centrosome does so, and it is 
clear that the centrosome stimulates and 
initiates the nuclear changes. 

The Problem of Karyokineais Which Lies 
at the Heart of Life 

This wonderful instrument of life, which 
is clearly shown in the jiictures appearing 
on other pages of this chapter, is thus most 
clearly entitled to its name as the central 
body of the cell. The centrosome divides, 
its halves jiart, and these two halves arc the 
two directing and essential bodies from 
which proccccl the threads that control the 
splitting cliromosomes, and draw the split 
l)ortit)ns to their appointed places. 

Karyokinesis, or nuclear division, lies at the 
^'ery heart of the problems of life. Whether 
it be an amc^ba dividing into two amceb.x, 
or a germ-cell uniting with another gcrin- 
ccll, to form a new single cell, which in its 
turn divides to form the billions of cells in 
the body of a new individual, karyokinesis 
is the essential and central fact of all these 
processes. If it is remarkable in the 
‘Uiiceba, or in the cells of growing skin, 
‘•r the dividing and multiplying cells of the 
i^bin at the edge of a healing wound, it is 
unich more remarkable when studied in the 
i'ght of sexual reproduction, with its new 
‘complications and consequences, as we 
^liall see. But even altogether apart from 
meaning and purpose, the mere series 
oi facts is amazing. The detail is so 


precise and com])licatcd, the order and 
programme so clearly laid down, the result 
so exact, and the whole process so unfailing 
— ^yet all conducted in an arena where only 
the highest powers of the microscope can 
discern anything — that it beggars all 
attempts to explain, and we are tempted 
simply to give up the task as hopeless. 

The Attempts to Reconstnict the Invisible 
Factories of Life 

This, however, we must not do. Patient 
experimenters have long endeavoured to 
construct artificial cells, with artificial 
nuclei, on a large scale, from all manner of 
suitable materials, and to persuade these 
artificial nuclei to behave as real nuclei 
behave, under the influence of electrical 
forces, or magnetism, or exposure to 
light and so on. Enough success has 
attended these attempts at artificial 
karyokinesis to show that life uses the 
various forces of Nature for its purpose — 
though, verily, we knew that alreaily. 
They do certainly suggest that electrical, 
magnetic, chemical, and other ])hysical 
forces and laws arc at work in the cell, 
and that they are even illustrated and 
employed in the ]Mirposeful series of changes 
by which the nucleus divides and initiates 
the process of life devel()])ment. 

But we aix‘ grossly deceived if we sup])ose 
that these experiments explain away the 
unparalleled character of the facts. On the 
contrary, the more we know in the realm 
of cell-life, anil the more we succeed in 
applying the laws of not-living matter and 
energy to the processes of the cell, the morii 
clearly we see that there are still further 
steps to the heart of the matter. 

The Laws Which are Not the Creator but 
the Ii\strument of Life 

Science may fully claim to have proved 
that life obeys and is subject to the laws and 
forces of the universe in general. That in* 
itself is a tremendous generalisation, and we 
can never have too much detail in support 
of it. But the view of forty years ago, 
which argued from this great conclusion 
to the further conclusion that Life is no 
more than a particular illustration and 
consequence of mechanical laws, is no 
longer maintained by those who are the 
pioneers in this field. They will be the last 
to return to the obsolete and puerile view 
that life is lawless,- capricious, arbitrary, 
and only connected by accident with the 
not-living wxrld ; but they will also be 
the first to proclaim that, while life obeys 
the laws of physics and chemistry, these 
are not its creator, but its instrument. 
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CROUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH- CHAPTER S 


WHAT HAPPENS IN THE SOIL 

The Extraordinary Story of the Busy Workers who 
Toil Unseen and Transform the Surface of the Earth 

A MARVELLOUS FACTORY UNDER OUR FEET 


W E have already regarded the soil from 
several points of view. We have looked 
upon it as a battle-field in which opposing 
forces are always at war, as a mass of 
living things among which there is in 
:onstant progress a continued struggle for 
existence. We have seen that a constant 
exchange between plant and animal life 
takes place in the soil, and, further, that 
both these groups of living things at one 
time enrich the soil, and at another time 
impoverish it. 

Wc have considered how the soil was made 
throughout the ages, its origin and history, 
the grinding of rocks and their s]ditting up 
into fragments, and we saw how, by these 
means, surface-soil and sub-soil are made. 
And we estimated the relative importance 
of these to the plants which use them. In 
studying the chemistry of the soil, we noted 
the different chemical factors of importance 
for the nutrition of plant life, learning 
which of these are indispensable, and how 
they are made, and finally we reached the 
conclusion that the soil wc trample down 
so thoughtlessly must, being filled with 
life, contain enormous quantities of food — 
that it is, indeed, a veritable storehouse of 
nutrition for millions of living things. 

We must now consider what it is that is 
liappening in the soil which results in all 
these wonderful processes. The results 
themselves wc have to some extent seen, 
hut now comes the question — How ? In 
other words, we have now to look at the 
soil as a laboratory in which an enormous 
number of experiments or processes are 
constantly being carried out. This labor a- 
tory, from our present point of view, is 
mainly chemical and bacteriological, so 
that we are brought at once to the subject 
bacteria in the soil and bacteria in 
general, to which we must devote, at this 
•^lage, some particular attention. 


The study of bacterio.ogy is in itself 
comparatively recent, practically not more 
than finty years old, but some of the 
wonderful discoveries connected with the 
bacteriology of the soil are even more recent 
than that, and indicate that we are even 
now on the verge of more discoveries still. 

The first result of the study of this sub- 
ject was undoubtedly to give people the 
impression that bacteria were among .the 
worst enemies of mankind, and that most, 
if not all, of the ills that flesh is heir to were 
due to them. This impression was caused 
by the fact that the earliest studies of 
bacteriology were chiefly done by medical 
men in connection with disease, and in that 
connection the impression is a true one. 
It was not, however, until much later that 
we began to discover that, so far from all 
bacteria being enemies to mankind, many 
of them are extremely beneficial, and some 
of them actually indispensable. In fact, 
bacteria, like so many other things, may be 
either good or bad from the point of view 
of human life. It is precisely the same in 
connection with plants and animals. In a 
later chapter vye .shall sec that many 
diseases of ]dants arc due to these minute 
organisms, just as human diseases are, but 
here we may consider only those bactcriar 
whose work is both beneficial and necessary. 

Most people nowadays are aware that 
these bacteria are. distributed universally 
in the world throughout air and water, 
existing in enormous numbers, but most 
people do not understand that they are 
just as plentiful in the soil, and as important 
there as elsewhere. It is this which makes 
the bearing of bacteriology upon agriculture 
so important, and the study of this subject 
has caused us to modify a number of our 
opinions and older views. Wc now know 
that bacteria are all-important for inducing 
decomposition in the dead bodies of plants 
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and animals, as well as of manure. Without 
their action the process of fermentation 
could not take place, and the soil would 
cease to be fertile. 

TJirce simple points must be kept in 
mind in the endeavour to understand and 
ippreciate the work which bacteria do. 
The first is that they are extremely small 
organisms whicli require very strong micro- 
scopic powers to render them visible, when 
they appear either in the shape of small 
spheres, or minute rods like lead pencils, 
or spirals like corkscrews. Secondly, they 
multiply and reproduce themselves with 
such amazing rapidity that a single microbe 
m a y ])roduce 
millions like it- 
self in twenty- 
four hours, being 
able on this 
account 1o in- 
V a d e very 
(|uickly all the 
tissues of the 
body of an 
a n i ni a 1 or a 
j)lant. Thirdly, 
it has to be re- 
membered that 
bacteria are just 
as specific as are 
other s|)ecies of 
living things — 
that is to say, 
each microbe is 
a living entity 
perfectly d i s- 
t i n c t fro m 
others, just as 
distinct as is a 
horse from a 
cow or a dande- 
1 i o 11 f r o m a 
p a n s y. It is 
because of this 
that they can carry on their important 
processes. Some bacteria cause disease, 
others build up chemical comiiouiids, others 
ilecompose substances and reduce them to 
simpler forms. 

The soil, then, contains myriads of 
microbes- or, rather, a.11 fertile soils do so — 
and any soil absolutely devoid of bacterial 
life is useless for plant nutrition. This can 
be proved experimentally by the simple 
[irocess of sterilising by heat a mass of soil, 
and so killing the microbes in it. If we do 
this, we find that nothing will grow in this 
soil. Fertility, therefore, depends upon 
bacteria. They are most numerous in 


surface soil, and become fewer in numbei 
the deeper we go down into the earth. At 
a depth of a few feet they cease altogether 
Some faint idea of their ama^fing quantity 
may be gathered from a few figures. In tlu 
top soil, bacteria vary in number froii 
10,000 to 5,000,000 per gramme— a grainnu 
being one 450th of a pound. The mind fail^ 
to grasp sucli numbers as these, and yet soil^ 
wdiich have been treated artificially b\ 
manures or sewage contain far greatei 
numbers. Such a soil has been estimated t( 
contain 100,000,000 microbes per gramme. 

In plain words, bacteria are present 
everywhere in the soil, at the surface ii 

, enormous num 
bers, and the\ 
can be isolate( 
from it will 
perfect case 
The great fact 
to be kept ii; 
mind in tliij- 
connection 
tliat no soil can 
be even modi i- 
ately fertile in 
the absence ni 
bacteria; and 
the fact that soil 
is known to he 
I fertile proves in 
! itself the ])i(- 
; sence of bactcM ia 
hi great mini- 
I bers. The all- 
imiiortant ques- 
tion is — Wliat 
! are they doing ^ 
I There an', lb e 
^ main processi ^ 
wliich are being 
carri('d out 1»\ 
these bacteria in 
this great labora- 
tory of the soil. These ])r()cesses are known 
respectively as nitrification, de-nitrification, 
fermentafion, putrefaction, and the fixation 
of free nitrogen. In addition to thes * 
great ])rocesscs, bacteria also play a part in 
the disintegration of rocks, from which tin- 
soil is derived. 

Let us now turn our attention to the ■ 
five great' processes, and let us be ven 
clear as to our terms. 

PuTRiiFACTioN is the pfocoss which taK' ’ 
place in the bodies of all plants and anini i - 
after death, in which a number of coinpk 
chemical substances are decomposed step I v 
step into simpler compounds. 



Till-: llAIKS THAT TAKK 
'J iii'i of iiNcrtion of tliu root i 


FOOD 


of a plant allows rouml iht- inai'L^in llic fiiu: 
oiiti;io\vtlis calk-il “root-hairs” throuv’:h wtiicli iioiirisliiiiLMit is ohlaiiR-d. 'I'hc 
dark aic p.nrticles of .soil iidlicrint; to the hairs, showing how clo-se i.s tlu- 

actual coiilact of lool-hair and soil p.'n ticles. 
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Kkkmentation describes a niiinber of 
. iu'mical changes, such as those which occur 
1,1 tlic souring of milk and the ripening of 
, licesc, both of which, as well as some others, 
.iji- possible only when bacteria arc present. 

Nitrification means the process by which 
li.icteria change compounds of ammonia and 
i;it rites into nitric acid and nitrates, the form 
iiiuh'r which plants absorb their necessary 
nitrogen food. 

J)i:-NiTRiFiCATiON is the process by which 
li.icteria of different species are able to destroy 
uilYiites and ])roduce from them nitrites, which 
ri inaiii behind ; but, in addition to these, 
nitric and nitrous oxides and, sometimes, 
lice nitrogen are produced. 


together can wc get a true concc'ption of 
what is really hapj)ening in the soil. 

The whole cycle of events may be brielly 
summarised. Hotli growing plants and 
living animals take in oxygen and give out 
carbon dioxide during the process of ri'spira- 
lion, which is, in all essential respects, 
similar in ])lants and animals. laving 
animals h*ed n])on ]dants, such as gvassi's, 
vegetal)li‘S, fruits, and so on, and by the 
excretion of nitrogi'noiis matter, and by the 
ultimate death of their own tissues, they 
add to the su]>ply of organic matter in the 
soil. Dead plants and leaves also add to 



Mii: M.\Rvi:i,i.ous jj.wtkria which have the rowi K of makinc, rHi-: .mtroc.i-n of the air 

AVAII.AULE FOR I’lANTS 

I !i> (Ml tlu! left sliiiws the iiilrlfyiii.; li.'u'lvi i.i haul al \vi»i k. In « Iiistci n, h-miIi-i Im'' :ivail.il»If fm' llic pi ml ; iIk 

I' •< I1.1 ia arc the (laik porlioiis of till' pi( lure. 'J’lic phi)t(><.;iapli «>ii the rii^lit slu'W*- 1 lie .ippi-ai.iiu c ol oiu' nf llic ii«nlulfs iii.ul*- liy llu; 
nili ii> iiii; Ikk tcria, wliii'li liavf lure iinislieil liieii \N(»rk, tlieii v.u .ml pl.icc IjciiI'^ slmwii liy tlictfaik (M\'itics. 


t'iXATlON OF Ni l RtUHOX is thc pioccss by 
^\Ilicll tlic free nitrogen of the air is absorb:*tl 
l>\ hactcM’ia and traiisfornic<l lor thc use of 
llic idant. 

It must not be sup])os(‘d for a single 
inoinent that these important bacterio- 
l‘»i;ical events are isolateil occurrences. On 
dll - contrary, they are very closely connected 
''ilh each other, and are, indeed, intenk'- 
jH lulent; and our understanding of the whole 
a of the soil as a laboratory in which these 
]M )cesses are carried out dej)ends upon our 
' ognising that they are all going on at 
^Jiice. The wonderful relationship which 
^‘Msts between plant life and animal life is 
^ oiind uj) in these events, and only by 
^'■‘'lising the way in which they arc linked 


the organic matter in the soil. During the 
})rocess of feeding, gn'iMi plants take in the 
carbon dioxide from the atmos])here anti 
return oxygen. 'Llu* jilant also absorbs into 
itself water containing the mineral salts 
from the soil dissolved in it. 

Now, it is from this total su|>ply of 
organic matter from animal and ])Iant 
sourct's that tlu? different kinds of bacteria 
j)roduce comi)ounds of ammonia. The 
bacteria act upon these compounds in 
such a way as to convert tlu'm into nitrites, 
and these, again, are act(‘d upon by other 
bacteria and converted into nitrates. Other 
kinds of bacteria in thc soil are at the s.Tine 
time fixing the free nitrogen of thc *air and 
also producing nitrates, and these nitrates 
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are dissolved in the soil and absorbed by 
the roots of the plant, so supplying the 
plant with its necessary nitrogen. Thus the 
body of the plant is built up. But this plant 
in time either dies a natural death, or is cut 
down, or is eaten by some animal. In 
either event it is ultimately once more 
subjected to the processes of putrefaction 
and dccc«nposition as the result of bacterial 
action, and returns to the soil in the form 
of organic matter. A living animal docs 
exactly the same. Then the cycle begins 
again. Here we have a complete cycle of 
events which never ceases, going on from 


putrefaction take place not only in th 
bodies of animals and plants, but also in th 
substances which those bodies have pro 
duced. Further, it should be mentionc< 
that in these processes of decompositioi 
certain poisonous compounds, such as thos 
known as ptomaines, are produced. Th 
exact nature and quantity of the ultimat' 
compounds resulting from putrefaction i 
determined by the particular kind of bac 
tcria, and also by the fact whether oxygei 
is ])rcsent or absent. The organism mainh 
responsible for these varied processes i 
known as Bacterium ter mo, urtder whicl 


day to day, from year to year, 
from generation to generation, 
throughout all time. It teaches 
us that the whole of living 
creation is dependent upon 
all the parts. The animal, the 
])lant, the invisible microbe, 
and the so-called lifeless clod 
are all ])art of one vast pro- 
cess which keeps the world in 
continual life. 

Having thoroughly grasped 
the idea of the interdepend- 
ence of the varied processes 
which take place in the soil, 
we may look at one or two 
of them separately, in order 
to understand them a little 
more fully. 

Let us take, first of all, the 
processes of fermentation and 
putrefaction whicli take place 
in connection with the soil. 
The chemical changes involved 
in putrefaction, which are set 



i several species are included 
I All these extremely minute 
* germs are highly mobile, 
j T-et us now examine tin 
process of nitrification, or tin 
1 production of nitrates. Tin: 
result — the production o 
nitrates from manure, tin 
tissues of plants and animals 
and so on — has long bcoi 
known. It has been recog 
j nisod for a long time tha 
the organic nitrogenous com 
' [)ounds become burnt, oi 
oxidised, in the soil, and tine 
j a great deal of the nitrogei 
\ contained finally assumes tiu 
form of nitrates, chiell\ 
nitrates of calcium or potas 
sium. In the same way, ii 
\vas known that compouiub 
of ammonia under the sanu 
natural conditions beconu 
transformed into nitrates 
What was not known unti 


up by the action of ferments xm^PKFssuR^or^^Joor ^^^^dern times, however, wa^ 
produced by the bacteria, are ho,^ the a,,war.i that these changes were dn. 

extremely complicated, and pressure of a root « measured. AlarKe to bacteria. It is not a mert 
depend upon the further fact iiem SV'a^?ubbCT\ube!“‘A^^ chemical change, but depeiuh 

that a great proportion of ^act that the soil 

the tissues of plants and rises, and the ditTerences in Us level living. A Simple expcrimCllI 

animals consist of complicated root-pressure. proves this, because if 

albuminoid and nitrogenous compounds, specimen of soil be sterilised it is found that 
The first changes which take place in these the process of nitrification docs not takt 
substances are frequently in the nature of place. It must, therefore, be due to tlu 
the production of soluble albumens and living bacteria which arc alwavs present in 
peptones. These are still further split up the soil. 

into simpler compounds, and these others are Whenever the complex organic substanc* 

in turn jchanged into still simpler ones. So given off, from plant or animal bodk"- 
the process goes on step by step until we undergo nitrification, therg is always an 
reach, among other things, the evil-smelling intermediate stage before the ultimat<^ 
gases which are commonly associated with production of nitrates. That intermedia!* 
putrefaction, and which csdape into the sur- stage is represented by the formation el 
rounding medium — the air if at the sur/ace, ammonia compounds ; and it is only when 
the soil if underneath. It must be remem- these ammonia compounds are produce<l 
bered that these complicated changes- of that the special nitrifying bacteria begin 
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their work. Up to that point tlie bacteria 
concerned are those of putrefaction, which 
again exemplifies what was mentioned 
before, namely, that these varied processes 
jre interdependent. Here, again, we sec 
the specific nature of the different kinds 
microbes, some causing putrefaction and 
producing ammonia, others acting upon 
tliese and turning them into nitrates. 

l^ut another point is this. The whole 
process resulting in the formation of 
nitrates docs not occur as one simple 
process, but in two 
rlistinct parts or 
stages. The first 
stage of the pro- 
cess is the partial 
oxidising of the 
('ompounds of am- 
monia into nitrites, 
riicn the second 
and final stage 
(jccurs, in which, 
by a further pro- 
( css of burning up, 
llicsc nitrites are 
converted into 
nitrates by otlier 
kinds of nitrifying 
bacteria. So far as 
is known, there is 
IK) one kind of 
microbe which is 
callable of carry- 
ing out llie two 
parts, or stages, of 
tin's process, but 
tacli ])art must be 
«lone by a special 
‘Mganism. It is 
employing two 
^cts of skilled 
^^orkmcn, each of 
which nndcrstaiuls 
only his own 
special work. J^oth 
ni‘ really essential 
ju lore the jn'oeess 
is CO m p 1 e 1 e. 

file organisms which are the actual 
:'gents in the process ol nitrification are 
‘iifrosomonas, which is concerned in tlie 
ii'st part of the process, and nitrohacter, 
'Nliich carries out the final stage. The first 
these is an extremely small organism, 
possessing the power of very active inove- 
"iont, while the second is a stationarypear- 
^liaped germ. Roth arc among tlie very 
'"Muillest of bacteria. A very interesting 
’ i‘'t in connection with -this nitrification 

1 N - 


process is that the two parts of it would 
appear to be equally rapid, because it is 
not possible to discover free nitrites in 
the soil in which nitrification is taking 
lace, which means that the nitrites are 
eing converted into nitrates as quickly as 
they arc produced. 

These nitrifying bacteria of both kinds 
are found in enormous numbei's near the 
surface of all fertile soils, and in the organic 
matter of rubbish and manure heaps. They 
can do their work rapidly, however, only in 

the presence oi 
certain conditions. 
It is essential 
that they shotild 
have a good supply 
of oxygen and 
water, a suitable 
temperature, the 
absence of light, 
and tlie pre.sencc 
of certain alkaline 
^ salts, such as the 
carbonates of cal- 
cium, magnesium, 
or potassium. We 
ciiii readily see, 
therefore, that it 
will often happen 
tliat the nitrifica- 
tion process is iii- 
terfi'red with — foi 
instance, in an e.x- 
cessivel^^ dry soil 
or season, or in a 
soil wliich, owdng 
to the absence of 
proper drainage, 
or to its too clos<? 
('onstitution, fails 
to admit air ; or 
when tlie tempera- 
ture falls to a very 
low j)oint, as in’ 
s e V r e winter 
weather. Another 
condition which 
interferes with the 
activity of these* bacteria is the presence 
of organic material which has not been 
decomposed. In fact, nitrification can 
hardly be said to begin until tlie special 
organisms of fermentation have performed 
their part. Tlie presence of ammonia, also, 
is a very ])otent check upon the action of 
the bacteria which produce the nitrates. 

These wonderful little germs are therefore 
of vital importance to the gardener and the 
fanner, because nearly all the nitrogenous 
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A root’s SKAKCll FOR FOOL) 


It is well known lliat a root will s^mm h f«.»r lUMirisliinciit, .•uul this pliotr>_c;ra|)li 
sln'ws tlio i-iiot Ilf a lir tuc brain hin.; al ii”lit aii;;U-s in imfor to pass tliroii^li 
a layer of sainl to cut to a more imiritivi: J.iyvr nf iiioiild. As lun.i; as tliii 
lioii/ontal of ilic root was in con I ait on ii.s upper . side with a layer of 

vej;elalilc mould, it contiinu-il to ^row in that flii<-f.lion, hut directly the 
root bccaiiio surruiiiideil with s.-ind it hciit at ii.iihl antics, and went straight 
down till it reai hed mould ai’aiii. 
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manures must undergo nitrification before 
they can be utilised by plants. We are 
justified in classing them among the 
greatest benefactors of the world, for 
without them agriculture, would be impos- 
sible, and plant life would dis- 
appear. 

Just as some bacteria are 
capable of producing nitrates in 
the soil, so there are a number 
of other species in the soil which 
cause these nitrates to be reduced 
to nitrites : and because this ])ro- 
ccss is the opposite of that whicli 
we have been considering, it is 
termed dc -nitrification. These 
de-nitrifying bacteria have been 
found to occur not only in tlie 
soil but also in air, manure, and 
water. The nitrites produced re- 
main in the medium in which the 
production lias taken place, or 
gases of nitric and nitrous oxides, 
or nitrogen itself, are produced. 

The exact kind of de- nitrifica- 
tion which takes ])lace de[)ends 
partly upon jiarticular germs 
connected witli the proc(‘SS, and 
partly upon the presence of 
organic matter wliicli can be 
easily oxidised. 'J'his organic 
matter is a necessity of the pro- 
cess. One 
striking peculi- 
arity about 
these bacteria is 
that a good 
many of tliem 
belong to the 
group of organ- 
i s m s called 
ana.*robic — that 
is to say, they 
can only carry 
on their work 
in the absence 
of free oxygen. 

For this reason 
de - nitrification 
is found most 
actively going 
on in soil which 
contains no air, 
or verj^little air. 

Considering 
that free nitrogen is produced in this pro- 
cess, it might be thought that the nitrogen 
would be lost by escaping into the atmo- 
sphere, but the nitrates are not jiroduced 
in the nitrifying process until the organic 
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OF WATKK 
MATTKK 


AHSOKI'TION 
nV LIVING 
'rhih cxpciinu'iit with an 
pla«;c<1 in a jar of wau r, showinj^ 
the water passing throu;L;h tlu; 
iiU'iiihratie of the into the 

tuhe, illustrates tlu* i>assiiij{ ,)f 
walei t!itoiij»h the walls of plant 
cells, (les« tilled hehiw’. 



now WATKR CmOHS THROUGH THK WALLS OF A PLANT CKLL 
Thu natural, phunoiiiuiion ^cnurally known as osmosis, or the passiiif; of moisture 
tliruuKli the walls of a plant celh is represented hy these pictures. Three wide- 
intiiilhed jars are taken, 'riie first is filled with .su,;;ar solution, and a piece of 
lil.idder or tnemhr.'uic is tied over Uit* mouth. The whole is then submerj^ed in 
W’.Uer lor twenty-four hour.s._ It is then .seen that the covering membrane, wliich 
was flat, hulRt's outwards as in the sec, in, I picture. W.'iler has passed throu;^h 

it inwards, though no aperture exists. If the jar be now put for some hours in 
water containing; .'i stronger solution of sii^ar than the ja- itself contains, the 
membrane i** found to sink in, ns in the third jar ; water has passed through it 
outwards. So fluids pass through walls of plant cells. 


matter present has been oxidised, whic 
means until one of the conditions necessar' 
for the de-nitrification has ceased to exist. 

. The last great important process going 01 
in this bacteriological laboratory of the soi 
is that of the fixation of frei 
nitrogen ; and the story of thi: 
process in detail constitutes om 
of the most romantic chapters ii 
recent science. Many observer! 
have noticed that there is an in 
crease in the total quantity o 
.nitrogen in soils which are noi 
being utilised, in spite of the faci 
that no compounds' are bein{. 
added from which the supply 
could be augmented. It is onl^ 
within recent years, however 
that the startling discovery wa^ 
made that this accumulation ol 
nitrogen was actually caused b\ 
living bacteria in the soil. Tin 
wonderful truth is that in lhi> 
soil there exist, in addition to all 
the varied bacteria we have 
already discussed, a number ol 
others possessing the extra- 
ordinary capacity of being able 
to absorb the nitrogen in the aii 
to fix it, so to speak — ami 
tlK‘Ti. further, to elaborate it inle 
nitrogenous com]MHmds. Om: 

organism whic h 
can do this, 
which has been 
isolated and is 
now famous, is 
1 hat known as 
Clostridium pus- 
Icurianitm, in- 
scribed ami 
studied by tlu* 
bacteriologist 
VVinogradski. 

T li e m o s t 
striking example 
of this ])rocess 
of fixation ol 
nitrogen is seen 
in connection 
with certain 
1 c g u m i 11 on s 
plants, whicli 
apparently li^'c 
,on terms of 
mutual advantage with another species of 
bacteria. The discovery of this most inter- 
esting occurrence was made by the observa- 
tion of a number of curious little nodules 
or tubercles on the roots of beans and other 



GROUP 4~PLANT LIFE 


leguminous plants, such as clover and peas. 
These little structures, of a pinkish colour, 
are oval or round, and solid when young, 
but later on they break up into pieces. If a 
section be made of one of these nodules, it is 
found that the cells in the middle contain 
(|uantitics of bacteria. One of the illustra- 
tions on page 44 actually shows these 
bacteria in position. These organisms have 
been found to be present commonly in soils, 
but more especially in those in wliich legu- 
minous crops — such as the j^ca and the bean 
-have been raised. They are not all of 
the same character, though they may ])os- 
sibly be recdly all one species, ('ertainly 
some have greater capacity for producing 
these nodules than have others, and those 


when plants themselves are flowering, aftei 
which they diminish in size and number, 
'fhen, when seed-time arrives, the nodules 
themselves shrivel up, though a certain 
number of tlieir organisms escape and 
remain belli ntl in the soil, ready in their 
turn to attack the next leguminous crop 
sown in that soil. 

From the agricultural point of view, we 
see how im]iortant it is to the farmer t() have 
the use of these bacteria at his disposal ; and 
he has now discovered that the nitrogen left 
behind after a leguminous crop has been 
raised is available for subsequent crops, 
which in themselves are unable to use the 
nitrogen in the air. The development of 
this process will probably be very much 




THK RI-:VIVAT. OF A PCAXT UV WATFU 

I lirsK pictiires show how wiiter rfiviv^s a plant. On tin* left the pl.int is driKjpini; anil wilhyrcil to all .appearnricc deail. Water ii 
ipplieij anJ health begins lo lie restored, until on the right wc scei the plant in full vigour. All growth reijuircs some amount of moisture. 


from one kind of plant produce larger 
nodules on a pl.int of the same species than 
tliey do on another kind. That is to say, 
the nitrogen-fixing bacteria from the nodules 
peas produce their best results on other 
]K\is, though they can also introduce this 
nodule formation on beans. 

The enormous value of these organisms to 
tliese important crops is abundantly clear. 
In their absence the leguminous plants 
wtnild be compelled to obtain their nitrogen 
‘ xactly in the same way as do any other 
idiul plant — that is to say, in the torru of 
nitrates principally. But with the aid of 
tliese little organisms these plants are able 
t‘> make use of the free nitrogen of the air, 
''Inch the bacteria fix* for them. The 
greatest growth of these jnedules takes place 


gre.ater in the future l)y artificial means; 
indeed, the various kinds of bacteria cajiahle 
f)f carrying it out are already grown arti- 
ficijilly, Jind sold in cultures used for mi.xing 
with tlie seeds or with the soil itself. In 
other words, the attempt is being made to 
actually inoculate seeils and soil witli these 
living bacteria, in order that they may 
ca])tiire the nitrogen tlie plants require. 

Here, for the present, we must leave this 
fascinating subject of what is happening in 
the soil. We leave it with the thought that 
the soil is, indeed, the very beginning of all 
things ; that in it are going on, silently 
and without ceasing, marvellous processes 
of extraordinary interest, the further in- 
vestigation of which is destined to have 
far-reaching effects in practical agriculture. 



^THE WOLF APPROACHES THE CITY. LED BY THE SPECTRE OF FAMINE 
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SAVAGES AT OUR GATES 

The Life -Stories of Hyenas, Wolves, 

Jackals, Dingoes, Foxes, and Wild Dogs 

WILD LIFE ON CIVILISATION’S BORDERS 


D uring the drought of 1911, Professor 
Boyd Dawkins invitcMl his fcllow- 
rmintrymen carefully to examine the desic- 
cated margins of all the water-sheets of Great 
I’li itain. He wished us to discover traces of 
tlie lake-dwellings, of the artificial islands 
and other water-])rotected retreats, once 
ahounding in the land, in which our ancestors, 
down to the time of the Roman Con(|uest, 
found sanctuary from wild beasts. 

There now remain in (ireat Britain only 
tlie fox, a few wild cats, the stoats, and the 
weasels to suggest wliat the struggle 
hetwt^en man and beast mi*ant here, l)ut 
the torch in the bone cavern, and the 
(iN’iiamitc of the excavator, have revcahal 
to us something of the story as it was 
wlien hyena and wolf helped to multiply 
the hazards to which our forefathers were 
(‘xposed. The lake-dwellings show how 
h(' ])rogrcssed, beyond the rough sludter 
of the woods and the scarcely mon^ 
inviolate cave, to an intelligent, organised 
(h‘fence of family life against his natural 
enemies. 

Down in the clay we find the remains of 
l)oth striped and spotted hyena, contc'in- 
jjoraries with animals of the same species 
which fought with man for possession of the 
ca\'os. The descendants of like animals are 
ii<»w resident, as distinguished visitors, but 
f hev find their homes behind iron bars in our 
zoological gardens. They seem to bridge for 
ns the vast gap in time dividing us fnmi an 
hngland which was geographically an out- 
po^t of Europe, the coastline of the Conti- 
lit, the farthest west known to ancient 
1 '- 1 nope ; an England into which the hyena 
t ould roam dry-footed from Africa without 
physical barrier to overcome. The 
^I 'ldted hyena never got far beyond eastern 
1 RRland, but the striped variety was 
among the commonest of British animals in 
l‘‘>n;land and Wales, though unknown in 


Scotland and Ireland. Now these animals 
are to Ixi found only in the hottest climates. 
The wolf remained until relatively modern 
times ; the raccoon is of the distant past, 
but the fox is still common. To complete 
a picture such as that in which these animals 
once figur(‘d in Great Britain, we have now 
to travel far afield, but, where they are, tlu'ir 
habits aj^pear to have changed so little that 
we can reconstruct the old-time scenes. 

To-day, upon the bordiu'-line of civilisa- 
tion, there skulk tlu* saint? sjiecies of animals 
which challtMiged man in the long ago. Tluj 
savages of Africa, and the scarcely civilised 
natives of remoter India, pass their lives in 
the midst of tlit’st? beasts. Tlii'v lighting 
the battle, for th(i ])reservation of their homes 
and of fheir flocks and luTtls against their 
animal rivals just as early man fought 
his battle. Tht' Ikiton, ])ushing into the 
wilds to-day, finds that the frontiers of tlu? 
native fauna do not men^ly begin wlu'n? 
man’s end; his and theirs overlap. Not 
consciously, but by their actions, they 
resiMit his intrusion. The game which 
would have been theirs vanislu*s at man’s 
coming, and they make his flocks suj)])ly 
the deficiency. In areas where the in- 
voluntary association with animals is of 
long standing, we are afforded a glimpse 
of the means by which primitive man 
first came to domesticate the savages of 
the wild. 'J'here is a tacit understanding 
between man and the hyenas and the 
jackals. Jweii the fierce wolf surn?nders 
members of its family to the homes of man. 

I'he relations are really little changed from 
prehistoric times. Wolves, hyenas, and 
jackals hang upon the outskirts of human 
habitations, as robbers, as tolerated 
sna])pers-up of trifles ; here and there one 
of their number becomes an inmate of the 
human settlement, and we see how man got 
the dog. But the untamed majority are 


THIS GROUP EMBRACES THE NATURAL HISTORY OF* ALL ANIMaLs 
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relentless pillagers of flocks, and show us 
how man would first experience the need of 
a fierce and resolute animal, devoted to his 
interests, capable of driving off marauders. 

Af first sight it might be assumed that the 
hyena holds some sort of relationship to 
the dog, the wolf, and the jackal, but it is 
another triumph for the comparative 
anatomist fo have traced the descent of this 
animal. The hyena’s nearest relative is tlie 
aard-wolf. Together they trace back, not to 
the dog tribe, but to the civet family. Of 
course, the families are (juite distinct to-day, 
but in the story of their descent, so closely do 
the forms approximate, it is impossible 
to say where civet ends and hyena begins. 

The Wild Life that Prowls in the Ruins 
of Cities 

The hyena has gone through life by 
proving that he who fights and runs away 
lives to fight another day. Three distinct 
species flourish — the striped, the brown, 
and the spotted. The first is common to 
Asia and Africa, with domiciliary habits 
varying with its habitat. It may occasion- 
ally frequent forests, but it is more com- 
monly found in sandy and rocky plains. It is 
the ghoul of the rock-cut tombs of Palestine 
and Syria ; in India it is to be found lurking 
in cities once teeming with human life, or, 
still more frequently, in caves and rocks. 
The brown hyena is a South African s])('cies, 
fewest in number and more restricted in 
range. The spotted species, the unloved 
king of the family, ranges widely over Africa. 
It was once in India ; it abounded in most 
[)arts of Europe. It must have been a rare 
moment in the life of the naturalist who was 
first able to ])rovc tliat the bones of the 
hyenas belonging to a distant epoch were 
those of animals specifically identical with 
the spotted hyenas of to-day — a little larger, 
perhaps, but not different in any other way. 

The Cowardly Hyena which Flies from a 
Healthy Man and Lurks in the Track of a Vulture 

By this fighting and running away have 
the hyenas, now divided into three species, 
maintained a good place in the battle of life. 
The spotted hyena, the most powerful of 
the family, is one of the most hated of 
animals. It is such a coward, yet so cruel. 
Associated in loud-howling packs, it will 
on occasum show considerable skill in the 
capture of its i>rey, but it is the sneak-thief 
of wild life. Sheep and goats it will take, 
of course, and not be blamed unduly, but 
there is something revolting in the way in 
which, fleeing like a phantom from a healthy 
man, it will kill and carry off a sick man, or 
snap up a tiny child. With its great bodily 
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strength, it unites unequalled power of jaw. 
enabling it to crack the shinbone of an o.\ 
with as little difficulty as a dog can crunch 
the bone of a fowl. 

This power of the hyena is generally 
referred to its superb teeth, but it is some- 
times forgotten that the vertebrae of the 
neck arc furnished with muscles so developed 
as make the entire neck appear to possess 
but a single joint. But the animal, fortu- 
nately for mankind, docs not appear to 
realise its own strength. It can and does 
kill many animals, but its nature is to 
follow in the wake of other carnivores, and to 
make a meal of the skeleton which they 
and the vultures have picked clean. A 
hyena would be conspicuous by its absence 
when a small hunting-party was on the 
move, but it would be a demon of death and 
destruction on a battlefield where wounded 
men lay heljdess. 

An animal which is a coward must call 
cunning to its aid, and so the hyena does. 
It will bite the face of a sleeping man — 
which is, perhaps, rather a bolcl proceeding 
for so timorous a beast — but its supreme 
cunning is shown in its attacks on the 
natives of Northern Angoniland. 

The Terrible Scaveagers that Prowl about 
the Towns of Abyssinia 

Whether its method is peculiar to the 
hyenas of that part, the Zambesi River, in 
Rhodesia, or whether the native huts arc 
specially favourable to the plan, we do not 
know, but there the hyena is dreaded for the 
assaults it makes upon the natives in the 
early morning. Not in the open docs this 
hai)pen ; the wily beast knows that to lea\’i' 
his hut a man must kneel and crawl out, 
almost on his hands and knees. So the 
hyena waits, and as a head pops out fnnn 
a low doorway it makes its grab. 

Yet, with all its detestable qualities, the 
hyena has its pact with man. In Abyssinia, 
where the animals are abnormally plentiful, 
they are the chief scj}.vengers ; and though it 
ravages flocks right and left, and is cordially 
hated, the natives regard the hyena as 
a necessary evil, and actually cut holes in 
the walls of their towns so that, when all is 
quiet at night, the unclean hyena nia\’ 
steal in and eat the filthy garbage which the 
housewife throws into the street. That 
sort of agreement between tnan and thc.-c 
animals has probably been in force a hundn (1 
thousand years. The style of human 
dwelling has altered — that is all. The oilal 
and the hyena have always been there. 

The aard-wolf, akin to the hyena, ^ 
curious animal which has caused the- 
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THK STRITKD IIYKNA THK srOFTliD HVJCNA 

With its enormously powerful j;iws the hyeiiri should be amotit' the most foniiidable of animals. It is, in a way, hut as a sneak* 
ihief and as the assailant <if wounded or dyin^ prey. Startiiii; from the s.ime ancestry with tlic civet, the hyena has developed 
into the supreme disposer of bones, and iircsent-d.iy species crack ov-buncs .as diil their ancestors in old-time ISritisli caves. 


naturalist some perplexity. Aiisiiig from 
the same stock, it has branched off to fill a 
S(U*t of intermediate position between the 
carnivorous and the insect-eating animals. 
With singular and degenerate teetli, it 
makes its meal of carrion and white ants ; it 
Imrrows, it comes out only at night, and it 
llees like a hare if disturbed. It is a singular 
1 least, descended with the 
civets, resembling the hyena 
ill many jioints, hut having 
more toes than its cousin, ami 
showing a head something 
like that of the mungoose. 

It was said to inhabit only 
South Africa, hut its range is 
now found to he wider. 

Indeed, there is a gi^od deal 
to ])c emended in even 
modern natural history as to 
the habitat of night-wander- 
ing animals. The flashlight 
camera has revealed animals 
in localities where they had 
never been sus])ccted of 
existing. 

We owe nothing to the 
hytma or the aard-wolf save 
tlie service they render 





m 

•'lavage or semi-civilised lands 
as scavengers. But the case 
is ( lifferent with the dog family. 

Hrro we have grim and terrible enemies in 
lh(^ \yolvcs, and unclean, skulking beasts in 
hie jackals ; we have the robber of hen- 
leosts in the fox, but we have also the dogs 
proper. With the wolves and the jackals, 
possibly producing a general type of which 
hio dingo may be a modern representative, 
tnan set out to rule the earth,, to become a 


TlIK KGVI’TIAN JACKAL 
Of ibis widely iHsliibiifc«l j^nuip of iinim.nls 
ibc K^iyptmii j:ick:il is tbe laruesi, with a 
height at the slioiilders t>f M.xleeii iiicbis, 
and a decidedly wolf-like outline. 


flockmastcr and a stockkeeper. The dog 
family is. so generalised that it is dillicult 
to trace the line of descent ])ack to any one 
primitive mammal, but, taking wolf and 
jackal as we find them, we credit them with 
th(? ])arentage of all oiir dogs, from the lordly 
mastiff to the tiniest ])et that any lady 
does her ])C‘st to make iinlu^allliy by coddling 
in her boudoir. 

We must view the wolf, 
tlu'iefore, with sonui little 
resju'ct for the boon that he 
has indirectly conferred u|)()n 
the human family. A sort of 
civic life may have l)egnn by 
hi.s aid. As an old jioaclier 
makes the best gamekeeper, 
so the first wolves that 
became domesticali'd were 
the l)('st aniinaU friends man 
could 'have for the preserva- 
tion of his flocks, Jiis home, 
and his children from the 
onslaught of tlic rest of the 
wolvi's. Most animals have 
wliat may be called the pr<y- 
prietorial sense. The most 
timorous bird will boldly 
assail a larger and more 
formidable rival which is 
])ut into its cage. A cat will 
attack another cat trespassing 
'f he cat will even assault an 
animal of a diffen^nt species for the same 
reason, for the writer has a vivid recollec- 
tion of a cat's furiously attacking a Shetland 
pony in whose favour a horse had been 
ejected from its loose-box. Puss, the friend 
of the evicted animal, sank her claws with 
such force into the muzzle of the Shetland 
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A FOX IN Till*: BRACKKN 

'I'ho fox, in his contest with man, hasheen ilrivcn to life underground, and when 
he is to he liuntud his “ earth *’ is stopped iipat night while he is prowling abroad. 


as to draw blood. Had some early cat 
shown tlie same spirit under like conditions, 
cats might perhaps by this time have 
been trained as guardians of human homes, 
second only in importance to the dog itself. 

But the dog has 
this sense of pro- 
prietorship more 
strongly deve- 
loped than any 
other animal. The 
meanest cur is a 
little hero in 
defence of its 
kennel and of its 
master's home. 

The instinct is 
devclopcjd from 
the wolf’s fierce 
resentment at any 
interference with 
its prey, or any 
inlrusion upon its 
home. A cat will 
teach its kittens 
to kill mice, but a 
dog will fly at its puppies if they challenge 
its right to kill a rat. And the. old-time 
wolf which man had trained from its infancy 
in his habitation would lly at other wolves 
that it might meet on the ])rowl. The 
custodian of the home wouhl desert, no 
doubt, and n'join 
its friends of the 
forest at times, 
but its cubs would 
be born at home, 
and, once there, 
no competitor 
from the wild 
lH\vond would be 
tolerated. The 
association be- 
tween man and 
w o 1 A’ c s would 
spring np in 
course of time 
upon some such 
lines as those 
w h i c h govern 
man's relations 
with the hyc'iia 
to-day. T h e r c 
was ample choice, 
for wolves 
abounded throughout (beat Britain. They 
were not exterminated in Ireland and Scot- 
land until the latter half of the eiglitcenth 
century, though the last English wolf died 
towards the close of the lifteentli century. 
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The Eskimo dogs, and the dogs of tlio 
Indians in the south-western States of Noiih 
America, are derived directly from domestic 
cated wolves; and Sir Harry Johnstdn 
identifies certain dogs in Achill Island, off 

the West Coast ol 
Ireland, as simjily 
stunted wolves, 
agreeing with tin- 
wolf in colour, in 
brush, in tin* 
shape of the ears, 
and in the arrange- 
mentoflhe masses 
of hair along the 
line of the back. 
The idea is feas 
ible enough, seeing 
that the true woll 
exists to-day in 
France and Ciei- 
many and Spain, 
and elsewljcre in 
Europe, and in 
times of severe 
weather becomes 
a terrible scourge in Russia. 

With the exception of the wolves of I In- 
Falkland Islands, the wolf family is con- 
fined to the Northern Hemisphere. It is 
unkiu)wn in Africa and in South America. 
The monarch of the tribe is the great 

Alaskan wolf. Mr. 
Hudson awards 
the palm to the 
American timl»‘i 
wolf, but he Jims! 
have o\'erk)ok(‘d 
the Alaskan re- 
p r esc n t a t i \ c. 

which, fi«»i)i 
muzzle to tij) ‘>1 
tail, measures 5 
feet 10 inches, and 
stands 31.J im h( S 
high — bigger than 
some Shetland 
ponies. 

The Eurojxan 
a n d Amern an 
wolves agree in 

. TjiK JIAND.SOMK JACKAL their habits. Ila> 

This jackal is tlic liaiulsoinvst of tliu jackals. The beauty of hi.s irCCJUCIlt O | 

coat is the more iiot.ahle when it is reinemhercd how ofTeirtive is his normal diet. COUntry aH^ 
TIh- in these arc hy W, I*. D.-uiao, Don.ilil Mi i.eish, and others. forCStS' tllCy 

their lair in rocky caverns, in the deca\ 
trunk of some fallen tree ; they even niake 
burrows in the ground, or enlarge 
begun by other animals. The wolf ha^ 
friend in the world, for he lives, when 
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UNI.OVIOLV FKI:AKS -A TAIR OFMKXICAN HAIKLICSS DOGS 
n.'iirlrss tlo”s, whit h aro llu* iinacctMiiif.iliIc < lini. ,* uf i i ii.iin fan( in 


fonml ill Soiilli aiuICciitialAinriu a, Ctiiii.i, Manila, ilifAiiiiiU 


rivilisalion, at the expense o( man’s flocks, 
and at the cost of human life. The famishccl 
|(,iie wolf will attack a man at night ; the 
pack of wolves in winter is the terror of 
travellers by road. Their ferocity when 
pi cssed by hunger 
is as unappeasable 
as their strength 
and endurance 
aD‘ inexhaustible, 
riicir speed may 
liave been cx- 
a.Ligerated. Ex- 
perience proves 
that they cannot 
outjiace the grey- 
hound, but they 
can run down the 
liorse; and of the 
slories of their 
|)nrsuit and cap- 
Inn^ of sledging- 
j)artie‘? not tJic 
iialf has lieen told. 
hA'cry year the 
of the wolf 
I'ur existence must become' more I’nwarions, 
for civilisation and wolvc's are incompatible. 

II is not unusual for them in winter bodily 
lo invade a village. The reason for their suc- 
cessful struggle against extermination is 
partly that tlu'.y can exist on a varied diet, 
and partly that 
lluy arc exceed- 
ingly prolific. The 
iVinale wolf brings 
forth from six to 
ten cubs at a time ; 
she rears them 
with rare fidelity. 

\Vh(*ther there is 
any truth in the 
l‘‘g(.‘iid of wolf- 
ivnred children is 
a much-debated 
P<*int. Italy, the 
i ionic of more than 
OIK; delusion, still 

a live wolf 

III lionourin a den 
it hill her walls, 

fo celebrate the 
rearing of Romu- 
fii^ and Remus ; 

^iid seeing the 
extraordinary cases of foster parentage 
among animals reported from time to time, 
there may perhaps be some foundation for 
sucli legends. One peculiarity helps the 
tradition in the case of the wolf. The great 


, an: 
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A SCAPIiORACK ^TIIIC PARIAH DOG 

Pariah dogs are baclcsliders. 'I’hcy or tlicir part^nls were dniiicsticatod. They 
have run wild, interbred with wolves and liyenas ainl true wild dogs, and 
have beeoiiie scavengers and thieves. 


cats arc all rough-tongued. They wash their 
cubs by licking them. Such treatment would 
rasp the flesh from the body of a child. Now, 
all the members of the dog-family arc smooth- 
tongued, so any washing process would be 

harmless. 

The wolf in 
captivity retpiircs 
from three to four 
])OUll(lsof flt'shjHT 
day to keep it in 
gootl condition, 
1) u t w h t! n a t 
liberty, consum- 
ing energy rapidly 
ill its extciideil 
forays,- the animal 
would need con- 
siderably more 
tiian liiis, with 
fasts sandwiched 
bt'twee.n feasts. A 
child’s only hojx^ 
of escape from 
death would he 
on some otTasion 
when the wolf had ft'd well, and was ciirrying 
home prey lo its young. Tn India the native 
wolf, rather smaih r than the luiropi*an, and 
](‘ss bold -though apt to act in concert for 
an attack u})on a man — freijiiently carric's 
away children. Nowhere is the story of 
. - , w o 1 f - r e a r e cl 
I children more 
. I ])revalent than in 
j fiidia. Native 
I evi(l(‘ncc as to 
animals is, as a 
rule, v{‘ry unre- 
liable, but there 
is just th(i shadow 
of possibility that 
from the multi- 
tude of cas(*s 
r e p () r t c d a 
genuine instance 
might he found, 
l.ord Wolseley, at 
any rate, believes 
in the story. 

The jackals 
may he traced 
through the 
coyote and the 
Indian wolf to 
rclationshi]) with the true wolves. They are 
a widely distributi^d family, common to Asia, 
Africa, and even part of Europe. The 
common jackal ranges from Burma and India 
through South-Western Asia to South- 
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l!;astcm Europe, but south of the Sahara its 
j)lace is taken by certain allied forms, such 
as the side-striped jackal and the black- 
backed jackal. The largest member of the 
i^^roup is the Egyptian, which has a height 
of i6 inches at the shoulder, and a total 
length of rather more than four feet. The 
Morocco jackal is smaller and lighter built, 
with a decidedly intelligent head of the true 
canine type. The handsomest of all, 
however, is the black-backed or silver- 
backed. The jackal is practically om- 
nivorous; and its appearance makes one 
marvel at the power of the organism of the 
animal to convert unpromising material to 
such good use. There is no offal too foul 
for the jackal to relish, yet, in sjutc of its 
unspeakable diet, the animal carries a 
inagniliccnt coat, with every appearance of 
good health and keen enjoyment of life. 

Although there is no relationshij) between 
the jackal and the hyena, there is much 
in common in the habits of the two. The 
jackal is another of the sneak-thieves of 
creation, wanton, cowardly, attacking 
wounded game — a merciful form of cruelty, 
hy the way — snapping off the fat tail of a 
sheep, and then running away, to leave the 
victim suffering. Like one or two other 
carnivorous animals it will eat readily of 
vegetable substances, and plays havoc witli 
sugar plantations, destroying a dozen times 
as much as it eats. 

The Way in which the Jackal has been of 
Service to Man for Thousands of Years 

It is an interesting and singular fact that 
the jackal appears to flourish from associa- 
tion with man. It does not voluntarily 
'^ake its home near him, it is true, though it 
lurks in the cities that he has Imilt and 
tlcsertcd. But it is as a scavenger in the 
track of the hunter that it most i)rofits. 
\\1icre the man with the gun has been, the 
jackal follows, and the hyena comes along 
for the bones. And for the time being, at 
all events, jackals become more numerous 
in areas where big game is hunted anti 
killed. As a scavenger, the jackal lias its 
ajiologists, on the ground that, where all 
knowledge of sanitation is absent, even an 
animal which howls nightly through the 
stiircts, devouring refuse, is not to be de- 
spised. In that sense the jackal is of service 
lo man, as it has been for thousands of years, 
anti on precisely the same terms. But it 
levies heavy toll on poultry, lambs, and kids. 

The jackal has the w'cirdest of cries ; and a 
pack of these animals wailing in chorus 
inakes the blood of a man new to their music 
*^un cold. “ Dead Hindoo, where, where. 


where ? ” is the not inapt word version of 
their cry ; and the phrase is possibly true 
to the meaning of the jackal interrogatory, 
for he is a notorious rifler of graves. 

The dingo, the so-called aboriginal dog of 
Australia, comes next in order, between the 
jackals and the true dogs. Smaller than the 
wolf, oil moderately tall legs, with a short, 
broad muzzle, weli-dovelopcd ears, and a 
rather long and bushy tail, the dingo is an 
interesting puzzle. It is the only big nom 
marsupial in the island-continent. 

The Native Dog of Australia, which has Every 
Man's Hand Against Him 
IIow could this one animal, so vitally 
differentiated from the rest, producing its 
young in tlic manner common to mammals, 
have been evolved in Australia ? The first 
answer was that it was a recent importa- 
tion. That did very well for a time, but 
now fossil nanains of the dingo have been 
discovered in some of the superficial ami 
cavern doj)osits of the country, in comj)any 
with remains of species now extinct. Now, 
this means that the dingo reached Australia 
unassisted, in some maimer not yet under- 
stood, or that it was taken there by man in 
early times. 

Possibly tills suggestion of man’s com- 
pany is not so wide of the truth as may 
appear, for it is rej^orted that ilingo remains 
have been discovered with the rt*mains of 
man. Meanwhile the lineage of the dingo 
is inv'olved in soim^ mysti‘ry. An edict 
has gone forth decreeing liis (‘xtermi nation. 
He is a scourge to sheep and poultry, and 
kills with savage wan bin ness. So tlu^ 
Australian Government has pninoiinced 
sentence, and the liaiids of all imai are 
against him. His ])l()od will not die out, 
for, like the jackal and the wolf, he breeds 
freely with the domesticated dog. But 
he is as true a nomad as they, and to keep 
a full-bloodi'il (lingo permanently about a 
liousc is im])ossi]>lc. The lime comes when 
he hears the wild voices of the night calling 
him, and away to fnnvdom and the wilder- 
ness he goes, to become a poultry-thief. 

The Curious ''Wild Dog," which Sleeps 
through the Winter without Food 
Tlicrc arc many so-called wild dogs. The 
naturalist ol)j(',cts to this term, asserting 
that the wolves and jackals are truly the 
wild dogs. But there is no other generic 
name for these other grou])S, and fashion has 
given them the name that is geiu^rally 
used. The curious raccoon dog, of China 
and Ja])an, is a great curiosity, with 
long and pointed muzzle, small, rounded 
cars, with a body slender and arched, set up 
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on short legs, the whole appearance suggest- 
ing the raccoon. In the summer this dog 
lives on mice and other small animals, and 
in the winter catches fish at such ])laccs as 
broken ice affords. More generally, how- 
ever, the raccoon dog hibernates, a re- 
markable departure from the habit of a 
numerous and widely distributed group of 
animals. , As this dog is one of the least 
formidable of the family, it is not unfitting 
that he alone should possess this power 
peacefully to snooze away the winter, re- 
gardless of food. 

The Remarkable Intelligence of the Wild 
Hunting Doga of India and Africa 

India and Siberia and Africa have each 
their wild hunting dogs. The Siberian 
representative is a fine-looking beast, and, 
like its African cousin, hunts in packs. 
The intelligence shown by the African hunt- 
ing dog in pursuit of its prey has been 
noted by many observers, but the Indian 
dogs arc every bit as courageous and adroit, 
and are credited on goo(l authority with 
occasionally attacking and killing both the 
leopard and tiger. 

If they get a leopard on the run the plan 
is for two of the biggest dogs of the pack 
to chase, one on each side of the quarry, 
while the others pound away in the rear. 
Every now and again, ** as if by signal from 
one of the leaders,” the dogs in the rear 
close in and make a general attack, then 
draw off. This is repeated again and again 
until the larger animal is weak by loss of 
blood and successive struggles, when the 
end is not long delayed. This policy of 
assault and . retreat tallies with a descrip- 
tion, by Mr. Selous, of an attack by a single 
African liunting dog upon a line sable 
ant(‘lope. The dog would close in and 
inilict a bite, then hang back for the antelope 
to continue its llight, keeping close behind, 
until ready to make another onslaught. 

The Bold Strategy and the Audacious 
Cunning of the Fox 

The fox, with which our chapter closes, is 
too well known, so far as the llritish s])ccies 
is concerned, to need much description. 
Neither is it necessary to produce new 
evidence in support of its character for 
cunning and audacity, its skill in evading 
its enemies and their arts, its bold strategy 
in pursuit of its i)rcy. That prey embraces 
the widest range of animal diet — hares, 
rabbits, pheasants, partridges, lambs, rats, 
mice, moles; any bird whicli stealth and 
swiftness may enable it to surprise ; carrion, 
fish ; even frogs, beetles, and w’omis; as 
well as shellfish and crabs. To domestic 
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poultry it is a devastating enemy, as e\ ( r\ 
poultry farmer in hunting country kn«.\v: 
only too well. Sir Harry Johnston, wIk 
has known foxes to clear a lake of sw;i:is 
mentions that in the West of Ireland tli. si 
rapacious animals kill the foals of thi 
mountain ponies. That it is one of the m 
few animals which can extract a meal fmn 
the well-protected carcase of the hedge! 
speaks volumes for its skill in mastering tin 
food problem, for the fox is tender-snoiitid 
and yet must bring its snout in contact wit 1 
sharp and penetrating spines. 

With a diet so varied, reinforced 
vegetable additions, the fox was bound U 
make a bold bid for his place in the schein 
of animal life, and he has had a long nm 
prosperous career. His family is alnios 
world-wide in distribution, so that it i: 
easier to mention where he is not rcprescntr( 
than where he is. Although unknown 
South America, the fox has its home in tin 
northern half of the New World, in Africn 
Asia, and in Europe. Australia is vy 
eluded from the map of its territory, aiu 
there are some islands from which it is : 
notable absentee. 

The Fox of the English Shire, the African 
Wild, and the Eastern Desert 

But in the desert lands of Asia, in tin 
wilds of Africa, in the frozen wastes ol 
the Arctic regions, in the torrid lands ol 
the tropics, the fox is a well-marked feature 
ot the fauna. The character of its lioim 
varies with the animal's surroundings. Mosi 
foxes have a powerful scent, and it is by tliij 
that they are hunted by hounds, but in Indii 
the fox, to a great extent, lacks this tell-taK 
chic, and so there the greyhound, tlie do^ 
which hunts by sight and not by scent, 
employed. In other lands, even in England 
the fate of the fox trembles in the balaiK c 
The fact that he still maintains his groniu 
in many a British shire, where he is include 
among the “ vermin,” is a striking tribute 
to his cunning and audacity. And oni 
must always feel some small regard for ai 
animal which has the engaging impudenc t 
to turn up at night, when all is safe, to i‘>l 
the henroost of the chief whip of a lir::)t 
rate pack of foxhounds. 

There are two or three interest ini 
species of foxes in addition to our owi 
licensed bandit. The desert foxes have 
claim to consideration, as rcihinding us tl' i 
the desert has still its own fauna. Th ;‘i 
there is a small grey fox, ranging from tia 
United States to Central America, win* 1 
climbs a tree when pursued, and is said U 
practise climbing also in pursuit of persim 








GROWING 'I HR FOOD OF THE YELL OW RAC ES 



THE GREAT RICKFIELDS OF THE 1-.AST, CORRESPONDING TO THE VVHEATFIELDS Ol? THE WEST 

Rice is the staple food of the peoples belonging to the yellow race. It is inferior in nutritive value to 
wheat, the staple food of the white race. It is thought that this difference of diet may in some way 
account for the difference in the characteristics of the two races. 
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GROUP 6-MAN- THE STORY OF THE MASTER OF THE WORLD -CHAPTER 5 


THE DOMINANT PEOPLES 

The Passing of the Pure Race, and the Blending 
of Groups into Great and Dominant Peoples 

THE GREAT RACE THAT DOES GREAT THINGS 


I N considering the lower or primitive races 
of mankind, we found them on the 
whole so well marked and so evidently 
contrasted with ourselves that no argument 
need arise as to what we really mean, or arc 
entitled to mean, by the word race." Our 
(lifiiculties in that respect are at hand, 
however ; and if we are to discuss the great 
races with any profit we must face them, 
especially in view of the fact that modern 
critics, such as M. Jean Finot, in his “ Race 
Prcjutlice,'* arc levelling most effective 
attacks against the older anthropology and 
its confident pronouncements on the ques- 
tion of race. 

Ouf difficulty is really the same as that 
which now faces the biologists when they 
talk of species. So long as forms of animal 
and vegetable life are far enough apart, 
the fact that they arc of diftereiit species 
is evident, but when we conii)are forms 
which are more closely allied, we begin to 
find that our demarcations break clouai. 
Above all do we find ourselves beaten when 
there has been any intercrossing between 
the species we arc comparing. We may. if 
we will, ignore the individual mongrel dog 
or the hybriil pea, but if we find a new 
species or a new race, or a new variety, 
founded in this fashion, we can ignore it no 
longer. 

All men belong, of course, to one species, 
hut within its limits we do certainly find 
various races. There is no doubt about it 
if we compare a negro and a Norwegian, 
a Japanese and a Scottish Highlander. 
Similarly, we may contrast a Russian and a 
Chinaman, but it is said that if you scratch 
a Russian you find a Tartar, and it may be 
a problem exactly to delimit the Tartar 
and the Chinaman. In other words, our 
notions of race are imperilled directly we 
begin to examine the boundaries between 
races, and they can only be maintained 


withoul fear when we deal with populations 
that have for ages been isolated. We find, 
as the gardener finds, that we can no longer 
decide where to draw the lines. 

Within recent years biologists, as they 
tell us, have come to sec that the idea of 
species is an artificial and, in a sense, an 
unreal one. The studies which are nowa- 
days commonly called Mendelian teach us 
to look upon any individual as a living 
mosaic, composed of a certain combination 
of factors. In every individual the exact 
combination varies, hut so long as it varies 
within certain limits we agree that all the 
individuals within those limits belong to the 
same species. That is the most that we 
can say ; and obviously it teaches that, 
though tyj)es may vary widely in some 
cases, aiul less in others, there is no abso- 
lute break in living Nature, and we speak 
of species only for convenience. 

If this be true between species, much more 
must it be true xoilhin the limits of any 
species, such as man. Indeed, it has not 
yet been realised how far the Mendelian 
discovery, and the new conception of 
species wliich we , owe to it, have cut the 
ground from under the feet of those anthro- 
pologists who still hold by the older ideas 
of race. Much more must those older idc^as- 
be abandoned when we discover that, with 
the exception of very few, numerically 
small, and humble peoples — isolated, and 
therefore backward, if for no other reason — 
all so-called races of mankind are, so to say, 
hopelessly mixed. We may suj)posc, if we 
will, that in time long past pure races of man 
existed. Probably we have no reason to 
suppose so. But, at any rate, it is idle to 
look for such races now, least of all among 
the dominant peoples of the earth. If we 
discover men on an island a thousand miles 
from anywhere, we may have something 
which we may call a — comparatively — pure 
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race, but to look for such among the great 
f>eoples of the earth is now hopeless, and 
must for many ages have been hopeless. 
Man’s tendency to wander and to conquer, 
and the intermingling of conquerors and 
conquered, which is perhaps the most 
important effect of war — these have long 
ago mingled strains of men inextricably. 
If the process ceased, and all immigration 
into Ireland or Switzerland or Jajian were 
to be forbidden for a suflicient number of 
generations, we might expect a definite 
type of men to be produced by inbreeding 
and by the particular environment in ques- 
tion, and that we might call a race. How 
much the term would mean, and how long 
the identity of that race would remain if its 
members were scattered, would, however, 
be well open to doubt. 

Wc do not need to go very far for illus- 
tration of the j)ro])osition, here advanced, 
that, roughly speaking, the priniitive races 
are more or less pure, and the great races, 
so-called, are blends. Assuming for the 
moment what must afterwards be ]>roved, 
that the Ja])aneso are one of tlui great races, 
let us consider the case of tlie two little 
groups of islands, one on each side of the 
great Eurasian continent, which arc in- 
habited respectively by the “ Anglo-Saxon 
race ” and its latest allies, the Japanese. 

The Blend of Races which Have Gone to the 
Making of the Anglo-Saxon People 

These islanders are now in the forefront 
of the world. Where, among them, shall 
we go for people of the purest slock ? 

Undoubtedly the nearest approach to a 
pure race in the Hritish Isles and in Japan 
IS to be found among their most primitive 
inhabitants. Perhaps in the Outer Hebrides, 
or some such remote ])art of these islands, 
whose inhabitants are but two or three 
generations removed from the Stone Age, 
we might find a comjiaratively jHire stock 
of people ; or on the West Coast of Ireland, 
which contributes inappreciably to civilisa- 
tion. But the so-called Anglo-Saxon race, 
which is one of the great races of mankind, 
wc find to be a blend of the primitive 
inhabitants of these islands, Celts, Angles, 
Saxons, Danes, Normans, Romans, with a 
dash of half a dozen other peoples. To call 
this a race, in any real^sensc of the word 
is ridiculous. It is a blend, perhaps the finest 
in the world, perhaps not, but a blend in 
any case. 

Compare our allies’ case with our own. 
If we want a real race in Japan, we have 
no choice but to take the Ainu or “ hairy 
Ainos,” who are the aboriginal inhabitants 
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of the islands, and may originally have 
inhabited them, and been confined to them, 
ever since they were islands at all. But 
as for the Japanese themselves, they are as 
much of a blend as we are — ^Ainu and 
Chinese and Malay and other strains 
compose them. The primitive race is 
relatively pure, the great race is greatly 
mixed ; had the islanders never been 
invaded and conquered and commingled, 
perhaps they would be ancient Britons ” 
and “ hairy Ainos ” still. 

The Things that Have Nothing to do wjth the 
Greatness of a Race 

But when all is said and done by way of 
criticising the idea of “ race,’* good reason 
remains to study the great races of mankind 
and to learn all we can about them. e 
shall learn much more from having 
examined what we mean by race in tins 
connection, and wc shall be more likely 
to face with equanimity the sociological and 
political ]X)ssibilities of the future. And 
in the first ])lace we must agree as to what 
pe()[)lc wc shall include in the category of 
great raci'S. 

We cannot go by numbers certainly, lu'nl? 
or anywhere else. Numerous races, and 
races which comprise but a few thousands 
or millions of individuals, are worth stud>’ 
for their numbers or their lack of numbers, 
but this has nothing to do with what we 
arc now considering ; and on such a reckon- 
ing the negroes would be a great race ami 
fhe Jews a primitive race, which is absurd. 
Nor can wc go by colour of skin, for that 
is but skin dei'p, and wc are dealing with 
man, who is essentially man’s brain, not 
man’s skin. Buddha was brown, and 
belonged to an indubitably great race : 
Jews may be almost black, or blue-eyed 
and fair ; the Jai)anesc arc yellow and the 
English white. Stature, type of hair, jaws, 
trunk, and so forth — all these fail us. 

** By Their Fruits Ye Shall Know the Races 
of the World ” 

We can learn something from the capacit}' 
of the skull, but not very much, for brains 
may be much folded in small skulls, or less 
folded in large skulls, and it is the extent of 
brain surface that tells. . With the older 
anthropologists, wc may divide men accord- 
ing as whether they are short-headed or 
long-headed, or neither short nor long- 
headed, and may give the palm to the 
particular type of head which: we possess 
ourselves, as there is reason to suppose 
has been the anthropological practice ; but 
if wc find that skull-form changes in a 
generation or two in changed environment. 
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what sort of calculations can possibly be 
liiiilt upon such foundations ? 

Evidently there is only one test by which 
we can distinguish the great races: “By 
their fruits ye shall know them.” A great 
man is not one wlio fills a great place, but 
one who does great things. A great race 
is not a numerous race, nor a powerful race, 
nor a white nor a black, a large or a small, 
a long or a broad headed. It is a race that 
does great things. 

This, of course, merely raises a new 
(picstion — what are great things ? Thus 
for many ages the Japanese had a highly 
(Uweloped society, noble traditions and 
practice, a high standard of family life, 
a culture which was notable in poetry, 
unrivalled in the garden, unique and 
(‘\'(]uisite in art. No one took any account 
of them. I.ater, they repealed the laws 
wliereby they had so long gTiaranteed the 
isolation of their country, copied European 
ways, and achieved success in the arts of 
inachinery and warfare ])robably at the cost 
of much of their characteristic grc'atiiess. 
'I'lu‘3’ were immediately reckoned a great race. 
*rhe Greatness of the Yellow Race in the 
Serious Things of Life 

Tlic case really does not need any sort of 
argument, since we arc now all agreed as to 
I he Jai)ancsc title to inclusion in that 
( ategory ; but a pretty problem might arise 
if we were to meet a race which was like 
the Japanese of 1850. This is precisely the 
dilhcnlty which might have met us in the 
('ase of the Chinese, but they are ?o 
numerous that most peojde will grant their 
greatness on that account, though they have 
not yet beaten a European country in war. 

There is, indeed, no reason why the 
\('llow race should not be considered here 
as a re])resenlativc exanqde of wliat we 
mean by a great race. This race is not 
only great on account of its achievements 
in civilisation, in philosophy, in ethics, and 
in science, but it is certainly great in 
numbers, if that be taken into account, 
h)r it is much the most numennis race in 
the world. It appears from the most recent 
ronsus that the population of China has 
l>oen considerably over-estimated, but, even 
5=0, the yellow or Mongolian peoples out- 
number any other. 

The various members of this race conform 
h) a certain physical type, though they 
differ from one another in various parts 
nf the world no less than do the members of 
die so-called white race. The Chinese may 
tall as compared with* the Japanese, 
^nit both have a yellowish tint of skin, 
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straight black hair, prominent cheek-bones, 
and the oblique Mongolian eye — which last, 
however, is only present in a percentage 
of these people, and a much smaller 
percentage than wc commonly suppose. 
They have themselves contributed to the 
general impression that all yellow people 
have this ])cciiliar structiire of the eye 
— or, rather, of the eyelids — by having 
empliasiscd it so consistently in their art. 
The clement of caricature is never absent, 
however, from Chinese and Japanese repre- 
sentations of the human face and person, 
and the Mongolian eye is neither so constant, 
nor, when present, anything like so marked 
in reality as Mongedian art would suggest. 

The Appearance of the Mongolian Eye in 
Members of the White Races 

It is a fact of much interest, hitherto wholly 
unexplained, that members of the white 
race are occasionally born with well-marked 
Mongolian i^yes. These individuals are 
usually the last of a very large family, the 
members of which have been born in 
rapid succession, with much coiisecpiont 
exhaustion to llie mother. The brain in 
such cases (hweloj^s imperfectly, and tlie 
result is a wholly incurable and hopeless 
form of mental defect which is known as 
Mongolian idiocy, in allusion to the most 
obvious characteristic of the face. It need 
hardly be insisted, however, that Mongolians 
arc as intelligent as any kinds of human 
beings, and the moral of the ca.se is to 
beware of judging by externals. These 
afflicted p(‘0])le have the Mongolian eye, 
but anything rather than the Mongolian 
brain, which is of a very high order. 

The ])rincipal members of the yellow race 
— ^which is really, of course, the yellow 
group of races -afe the Chinese and the 
Japanese, who, between them, constitute 
the overwhelming majority of its units. 

The Barrier to the Progress of a People 
Isolated from the Life of the World 

Very great interest attaches, nevertheless, 
to at least two offshoots of this race, 
none the less because wc shall not find it 
easy to recognise the greatness of the race 
as these illustrate it. They are the Eskimos 
and the North American Indians. The 
indigenous human inhabitants of the North 
Polar region, and of the New World, are 
derived from the yellow stock. They 
scarcely exhibit more, evidence of greatness 
than is shown by their boldness and hardi- 
ness in leaving their warm Asiatic home for 
such distances and solitudes and rigours. 

In them we sec illustrated the proposition 
that isolation of a people, as of an individual, 
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puts a harrier to progress. This docs not 
mean, for instance, that the solitary student 
cannot progress. He may merely resign 
the company of the living for that of the 
dead, who, if well chosen, are usually so 
very much more alive. Isolated from books, 
however, or from his memory of them, the 
solitary man reverts inevitably to the primi- 
tive state. So with an isolated ]^cople, 
or with any isolated class among a people, 
they cease to progress, or may actually 
revert. Be it noted also that such a 
people as the Eskimos have, by the very 
conditions of their life, set themselves too 
hard a problem for mankind. 

How the Vital Energy of the Eskimos is Spent 
in Maintaining Mere Existence 

Descended from tropical or sub-tropical 
forms of life, they have advanced not merely 
to the temperate zone, which has witness(;d 
the lifhole of man’s trium])hs, but beyond it 
to the Arctic confines, where the organic life 
of man, still demanding a blood temperature 
of 98 J degrees Fahrenheit, can only be main- 
tained at the sacrifice of almost everything 
which is more than organic. Tlui vital 
energy has to concentrate* itself u])on resist- 
ance to cold, and maintenance of heat by 
the deposition of much fat under the skin, 
by the absorption and digestion of very 
large quantities of food, notably fatty food, 
with which the human stomach cannot dt^al 
at all, and which re<inires so much time and 
energy for its digestion. 

The Eskimo branch of th(i yellow race 
thus teaches us one half of the vastly 
important truth that the conditions of 
human existence may be either too hard or 
too easy. Mankind near the Poles ]u*ovi(h!s 
us with one illustration ; mankind in the 
tropics, where never yet civilisation was 
to be found, teaches us the other. But 
when we consider the Eskimos, and the 
infhienct* of conditions, let us beware of the 
modern error of attributing everything to 
race, as if life were not an adjustment 
between the organism and its conditions. 

The Human Virtues Richly Represented 
Among the Red Indians 

The North American Indians obvioasly 
partake in several resj^ectsof the character- 
istics of th<i yellow race, though the Mon- 
golian eye. is less to be found among them. 
The skin colour is indicated by the term 
“ Red Indians,” and we arc familiar with 
the character of the hair and the clieck- 
boiiies. Here, also, is a I ranch of tlu; race 
which has been isolatetl and subjccte^l 
to excessive rigour. But those who have 
travelled with Eskimos to the North Pole, 
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as Peary did, and those who have acquainted 
themselves intimately with the Red Indian, 
arc agreed that the most notable of human 
virtues arc richly represented among both 
these peoples, and it is probable that 
no one has more admirably developed his 
senses and his intelligence for solving the 
practical y^roblems of life than the Red 
Indian, whose observation, courage, resource, 
memory, and inventiveness have won in- 
numerable tributes from travellers. 

A serious responsibility devolves upon the 
British Emy)ire in regard to the remnants 
of this remarkable people, the pioneers of 
mankind in the Western Hemisphere ; and it 
is good to believe that the appalling raviiges 
wrought by tuberculosis and alcohol in past 
years a])])ear to be within reach of an end, 
and that, under the conditions of the ])resent 
day, the number of these people is actually 
showing some increase. They may yet ])lay 
a notable ]xirt in ])ushing the limits of 
civilisation as far north as nature will 
permit this to be done. 

What May Happen if the Yellow Races should 
Eat Wheat Instead of Rice 

In (pialifying with modern knowledge oui* 
notions of race, we must recall the notable 
fact that the chief representatives of the 
yellow race live mainl\' upon rice, whereas 
white pe(>])le live mainly upon wheat. It is 
cerlain that rice is inferior to wheat in 
nutritive ])ower, and it may be more so than 
has until lately been supposed, seeing that 
minute traces of certain com])ounds in tin* 
wheat grain are of such high importance for 
human develo])ment. There seems reason 
to suppose that the substitution of wheat 
for rice in the diet of the yellow race, or the 
inadequacy of the world’s wheat supply to 
feed the white race, might notably modify, 
in vari<^us directions, the characteristics and 
destiny of the two races. 

In this connection it is interesting to note 
that the modern Japanese are adding meat 
and milk in large quantities, as well as 
wheat, to their diet. It will be of notable 
interest to observe the possible conse(iuences 
of this modification of diet upon the suji- 
posedly racial characteristics of the 
Japanese. Students of Sir .William Crookes’ 
book on the wheat problem, and of the 
recent work upon the dietetics of wheat, 
will also be concerned to note the influence 
upon the Chinese race which might con- 
ceivably be exerted in the near future should 
Siberian wheat find Asiatic, instead (d 
European, mouths to swallow it, as appears, 
from the awakening of China, to be a by no 
means impossible contingency. 
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Certainly, and in any case, tlic yellow 
race, taken as a whole, will play one of the 
leading parts in the future of mankind ; 
iUid the nature of that part, for good or for 
ovil, will ultimately depend upon the racial 
character, physical and psychical, and 
upon the degree and direction in which it 
may be modified by change of diet or habit. 


future, on one ground or another, even 
granted that their native potentialities are 
high ; but the Chinese and Japanese arc too 
numerous and too fertile, and they have too 
long had a civilisation, with overcrowding 
and infectious disease, and narcotic drugs 
of their own, to fear contact with ours as so 
many other races have had reason to do. 
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“ THK MOST NUMKKOUS FAMILY OF TlUi MOST NUMJCROUS RACK IS TIIIC WOKLO 
1 'll-’ pli(jtt)>;r.i|)h shows lyprs of the Chinese people, the most inimerous nation in the world, hyloM.nitiK to the most numerous race in 
> world — the yellow ra« t!. '1 he Chinese Faiipire has .i population of alumt Puir humlied millions, and the events of the first decade 

of the tweiilietli century sii^.i^est that this race will play an iiiiiiic-n.se pait in the futuie of civilisation. 


I'liis is not a race which is slowly disaj)pcar- 
iiig ; it is not a scanty race ; it has nothing 
lo fear as a wliole — unlike its scattertnl 
'^hshoots— from the devastating infiiicnce 
"1 our civilisation, with its diseases and its 
' ices. The Tasmanian, the Australian 
‘ihoriginal, the Red Indian, the Maori, and 
many more may be all but ignored for the 


There they arc, and there they will remain, 
or, rather, there they will not remain, for 
they will certainly .s})read ; and there is no 
sign or shadow of any power on earth that 
can ultimately say them nay. 

Evidently the problem of intcrcrossiiTg 
has to be faced, as it has had to be faced a 
thousand times already in the history of 
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mankind. Racc-prcjiulice, race-liatml, in- 
stinctive race-anti j)athy are to be allowed 
for, blit not more than their due. No anti- 
pathy exists between, for instance, European 
men and Japanese women, though it is 
stated still to exist between European men 
and Chinese women. Familiarity is most 
potent in this sphere. The consequences 
of intercrossing between the white and Ihe 
yellow people have to be faced. 

The Effects of Intermarriage Between the 
White and Yellow Races 

Experience hitherto is Imt fallacious, it 
is too scanty, and it has lujt been obtained 
under fair conilitions. If the ])roblcMns of 
racial intercrossing arc to be solved in any 
fashion satisfactory to science, two primary 
conditions must be satisfied. They have 
never yet been satisfieil in modern times. 
The nurture, including education, religion, 
o )cial consideration, and o] 3 ])ort unity, of the 
a^siilting children must be tlui same as that 
of children of single racial origin. If this 
:ondition be not satisfied, obviously the 
experience is vitiated as an “ experiment,'' 
and nothing can be argued fiom it. 
Secondly, the intercrossing representatives 
of the two races in question must really 
be rei)resentattve of their resju'ctive race's ; 
for if, say, the father bo a white man who 
has left his country for his country’s good, 
and, say, the mother be a yellow woman of 
indifferent moral character and hal)its, what 
of value as to the conse<|uences of racial 
intercrossing can ])ossibly be argued from 
the children ? Yet such, tt)o olten, have 
been the kind of ])aronts from whose; 
children such swc'eping anthroj)ological 
generalisations have' been infe-rreel parents 
who may be justly regarded as wholly 
unrepresentative e)f either race in ejuestioii. 

Science Knows Nothing Against the Joining 
of Two ** Equal " Races 

Here, since science is enir obje'ct, we make 
no assertiems, in the absence of the necessary 
ex])eiience; but in the; name of science we 
repudiate such expeiienct; as cannot serve 
science, excc])t to the I'xlent of showing that 
children who live iiiRler a slur, or children 
of indifferent parents, are unlikely to turn 
out well. Racial intercrossing is not re- 
quired to prove such ])ropositit)ns, and the 
available illustrations’ prove nothing as 
regards facial intercrossing. 

All that science can venture to assert, so 
far, is that, granting th<' natural equality 
of two races, nothing is known, in the 
scientific sense of knowing, which entitles 
us to expect that the children of two siich 
races should be naturally inferior to the 
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chiklren of either. But the tendency n 
contemporary events is utterly delusive u 
posterity is not able to speak on this ques 
tion with no uncertain voice. 

The yellow race is not the only great rai 
in Asia. The records of Indian civilisatioi. 
are conclusive on the point. In Northcri! 
Asia, as we should expect from our observa 
tion of the North American Indian and thr 
Eskimo, the conditions are too hard foi 
greatness, or at any rate for rccognisablt 
greatness. In the southernmost portion^ 
of land commonly reckoned with Asia, tin 
coiKlitions arc tro])ical — too easy, and th(;n 
fore, in the long run, too dillicult, for tin 
maintejiance aiul nurture of greatness. li» 
intervening ;^ones, as in Northern Iiulia, tin 
records of philoso|)hy and art and legislation 
ne(‘d no qiialiticalion, even if such supremelv 
great teachers as Buddha had not been ol 
Indian origin. Here we have a race, 01 
ratlu'i* a great mixture and farrago of racc' ^. 
which is not yellow, and is not white. Its 
aflinilies, many will tell us, are luiroj)ean 
anti, indeed, men still speak of the (^mea- 
sian, ludo-luiropcan, or Aryan race, in 
which arc included such forjiis as, sa}^ tju- 
Swedt; and the Hindu. 

How Par Does Language Go in Marking the 
Boundary Line of Races ? 

To tin; biologist or the modern ant In o- 
pologist this is perilously near noiist'iisr. 
H t lu; word “ race" is to have so wide a mt'aii- 
ing, it has no meaning, and had better be 
abandonetl. But the ct)nlcnipt)rary studenl 
will 1)0 left without a key to the inystei \ 
unlt'ss he realises the history of these notion'^ 

The evidence on which most acce])ti'<l 
ideas of the great races are foundetl i-> 
derived from language. Philology, or tin 
science of language, recognises afliiiitij > 
between tliis tongue aiul that, and fuiui.i- 
mental differences between both of tlu in 
and a third. Thest; differences may I-* 
])rofoiind. It is not a long sto]) from 
N(.)rthern ICnglish to Dutch, but that fnun 
English or Dutch to Chinese is ahno-^ 
measureless. The wliole genius, as we sn\. 
of the two kinds of language, the wlioi'* 
theory of them, their growth, stnicliiii . 
grammar, alphabet or absence of 
alphabet, is inealculabTy different in tl 
two cases. Philologists, notably rej^o 
senled by The late Professor Max Miilk . 
pursue this fascinating science, which Jir* ^ 
well claim the highest importance, dealii : 
as it docs with man in his all but high* 1 
and most characteristic attribute. In doi’ - 
so, they incline to argue from language ! » 
race. They group, classify, compare, and 




A FAMILY IN LAPLAND, SHOWING HOW A MOTHER CAR KIES TIER BABY 
All men, of course, belonj? to one species, but within its limits we certainly find various races. 'J'here 
is no doubt about this if we compare such types as are shown in these two pictures. 
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contrast languages, assume a corres- 
pondence in race, and a similar or single 
racial origin for two sets of people, each of 
whom have the same type of language, or 
use the same, or practically the same, words. 

We can all see that there must be some- 
thing in this. Evidently the similarity 
between older forms of English and Dutch 
^oes with the largely common origin of the 
peoples in question, and so on. The 
question with such a theory, however, is 
how far it goes. And this question is 
answered by modern anthropology with no 
uncertain voice. 

Evidently such a theory as this of the 
philologists cannot be of constant applica- 
tion. Languages are adopted, languages 
arc imposed, convenient forms rejdace in- 
convenient forms, conquerors insist on the 
substitution of one tongue for another, and 
then, perhaps, disappear, while tlie alien 
language remains, seemingly native to the 
race upon which it had been imposed. 
Further, men arc men, and a brown man in 
India and a white man in England may 
[Hit notions together similarly in similar 
circumstances, without its following that 
they both belong to the Indo-European 
race, or that there is any such race. 

The People of India who are Nearer to the 
White Race than Yellow People Are 

It is certain, in a word, that the philologists 
carried their theory too far ; and that is 
Dne of the reasons why, with advancing 
knowledge, we are so much less certain 
about matters of race than men were a 
generation ago, when all that was needed 
was to compare language, and the questions 
l)£ race settled themselves. All homage, 
nevertheless, to philology, past and present,' 
and to its future services, even though 
we expect these to teach us more about 
the human mind, and less about racial 
types of body, than used to be supposed. 

Let it suffice, then, that many brown 
people inhabit India and its neighbour- 
hood, that they arc on the whole nearer to 
us in many ways than are yellow people, 
and that they number great “ races ” as 
well as primitive. Here, again, we may 
observe that pure and primitive races are 
those which are isolated. . The most primi- 
tive people jn the world, or almost the most 
primitive, even more so than the Ainos, are 
the aboriginal inhabitants of the hill country 
of Ceylon, who are called the VccUlahs. 
Indeed, it is difficult to speak of them 
otherwise than in such terms of pitying 
contempt as the more humane of the 
Roman authors used when describing the 
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isolated islanders whom they encountered 
on our own southern shores. 

Wandering about the earth, having no 
native land, we find a strongly marked 
kind of people, not even to be included in 
the most comprehensive term of ‘‘ Indo- 
European," whom we call the Jews. They 
may be of any colour, perhaps because 
they have lived for so many ages in every 
kind of climate. In the South they are 
tanned and coloured by the sun, and 
thereby iirotected from its rays, just like 
their neighbours ; whereas in the North 
they are often quite fair. That they are 
definitely an Oriental race, we may agree. 

The Greet Race of People Without a 
Native Land 

The reservation must be made that all 
races are ultimately Oriental —man W'as 
not born in Europe. But the Jews are 
more recently Oriental than the contem- 
porary Europeans, among whom so many 
of them dwell. They demand brief mention 
here on many important grounds. 

The Jewish race is peculiar because of 
its ubiquity, its strongly marked racial 
characters, its number amounting to per-® 
haps no more than ten or twelve millions 
to-day — ^yet was never so numerous as to- 
day —and its unquestionable claims to 
moral and intellectual greatness. Con- 
spicuous in no art save music — though the 
modern painter Israels is an exception — 
and deficient in many qualities which arc or 
maybe made admirable, and notably in those 
which show themselves in great political 
achievement, and in war, and in the 
mastery of Nature, the Jews are neverthe- 
less pre-eminent in other directions, having 
given ns the noblest monument of ancient 
literatun^, and having ]>rovidcd modern 
civilisation with its dominant religion and 
practically the whole of its canons of morals, 
above all, of social and domestic morals. 

Will the Future Witness the Disappearance 
of the Racial Identity of the Jew T 

Conspicuous in Jewish practice has been 
the avoidance of intermarriage with other 
peoples. For good or for evil, this has un- 
doubtedly been the cause of their unique 
racial purity of to-day, with its pleasant and 
unpleasant, admirable and less admirable 
features. Thpy have been in the Gentile 
world, but not of it. They have made all 
manner of terms with their conquerors, have 
accepted indignity, servitude; ignominy, 
exclusion from all manner of pursuits and 
possibilities, everything but the degradation 
of their women ; and they have kept their 
blood pure. If man at large did not require 
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every line of space that can be spared for his 
consideration, more might well be said about 
this race, in speaking of which even the 
modern anthropologist can scarcely feel that 
lie is describing a fiction. It only remains 
to be added that the most recent authority. 
Dr. Maurice Fishberg, reports the gradual 
breaking down, in such great centres as New 
York, of the Jewish prejudice or canon 
against intermarriage. All modern influence 
works in this direction ; and the future may 
witness the disappearance, as a racial 
identity, of this remarkable people, if it 


though the case of the best marked of all 
races, the Jews, who may be blue-eyed and 
fair-haired, or very nearly black, shows how 
little that line is ultimately worth. 

The white peoples of the earth inhabit its 
temperate climes — an incalculable advantage 
for their development, as we have already 
argued. Relatively they are, of course, 
white, though wide variations are to be found 
between, say, Swede and Sicilian, even 
allowing for tlie possible negro admixture in 
the latter. But it is to be noted that the 
white peoples are not really white — that is 



rUIMITIVK INHABITANTS OF TIIK BRITISH ISTKS I’KASANTS OF TIIK WKST OF IRKLAND 

The great races of mankind, such as our own Anglo-Saxon ra«'e, arc not pure single, races, hut blends of several. 'I’he nearest approach 
to a pure race in the British Isles is to be found, iicrhaps, among the iiibBahitanis of the Outer Hebrides or the West of Ireland. 


should not happen that the Zionist gives 
them a country of their own, and permits 
their independent development there. 

The great branch of mankind which vie 
call the white race remains to be considere d. 
We describe it by its colour, though that 
involves many difficulties. If we attepipt 
any other definition of the races of man, we 
find, however, that the difficulties arc at 
least as great, and it is therefore probable 
that the colour-line ” will long remain the 
best defined bet\veen races of man, even 


to say, the skin is not colourless. Only 
almormal and morbid specimens of mankind, 
called.albinos, are really white. The colour 
of tlic white race is to be found not merely 
in the iris of the eye, but also in the upper 
eyelids and in other parts of the body 
much less exposed. In all parts of the body, 
exposure to certain constituent rays of 
sunlight will excite the pigment cells of the 
skin ; and in many Anglo-Indians the 
exposed skin may be as dark as that of 
many natives. Within the limits of the 
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white race it is therefore not unnatural to 
find at least two well-marked varieties, 
distinguished by their degree of colouring- 
matter, whom we call blonde and brunette. 
This division raises many interesting ques- 
ti<ms, for students report that the blonds do 
not withstand well the processes and risks 
of civilisation, and that, on the whole, they 
are dying oiit and being replaced by the 
brunette or darker type. If it should ]irove 
that the blonds have characters of mind 
which are more or less their own, and which 
have a permanent value, this alleged decad- 
ence of the tyi)e is much to be regretted on 
other grounds than that of their undoubted 
beauty in many instances. 

There is substantial ground for the argu- 
ment that it takes a race a long while to 
become tolerant of the artificial set of condi- 
tions which wc call civilisation. The Jews 
are the only known example of a race which 
can survive civilisation in the strict sense. 
The Chinese can do so, but with what 
necessity for incessant re|)lenishinent of 
urban by rural blood we cannot say. In 
luiropc, the Jews ajiart, the rule s(‘ems to be 
that tlui citu‘s consume what the country 
|)roduces, not only in the way of food, but 
also in the way of men. According to some 
recent observations, this destructive process 


seems to tell more hardly upon the blonds, 
who are on the whole the descendants of 
the more northern ])eoples, whose acquaint- 
ance with cities and their conditions is 
more recent than that of the darker dwellers 
near the Mediterranean. Some such expla- 
nation might be iidvanced to account for the 
asserted disappearance of the blonds in 
modern civilisation. 

At any rate, the white race remains, 
though it may thus tend in the future to 
consist of its brownt^r re]>resentatives. Its 
characteristics need no special description, 
for our description of other races usually 
implies a description of ourselves as not 
])eculiar in such and such other respects. 
The whiti‘ race, if we include therewith such 
Orientals, all originally dark, as the jews and 
the ancient (rrceks, have made the modem 
world, and it remains to be seen to what 
extent they will besf)le arbiters of its future. 
Thi! succeeding sections of our study will 
normally deal with this race simply because it 
is the race whose members have been chiefly, 
almost exclusively, studied, alike as regards 
the skc'leton or the muscles, the sensesor the, 
intelligence. A vast li(‘lil remains for work 
in studying the various races of mankind. 
])rimitive and great, with as much detail and 
thoroughness as in the case of the nuxk'rn 



•JJIK ESKIMOS A TRAGIC iiXAMl'CK OF A eiiOPI.Ji HliLD BACK BY ISOLATION 


The Eskimos, who are an offshoot of the yellow race, hut arc living ntiiom; the rigours of the Arctic regions, are a striking and tr;igio 
example of the fact that the isolation ofa people hinders its development and progress. 
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Till-: Ui:i) ]NM)1AX AT llOMlv CUT OFK FROM TIIK GRICA'I’ HODV OF Till!: RACli IN ASIA 

The Red Indians, whu hrlon^ ti)_ the yellow race and have hecn the |)ione<-is of inankiiul in the Western I leiiiisphere, have been 

ijreatly Iiiiidi ivd in lln ii dewloiMiieiit by beinj; is<datcd from the t;ie:il body of their taee. 

luiropciiii. Mail cannot be loo carefully tlu; average of them, we become moie con- 

stmlied in all his forms, numerous ami rare*, cerned to sludy individual men and women, 

pure and mixed, simple ami coin])lex. of all races, ai all ages, and under all con- 

llereafter we study man in general, ditions, realising llii^ amazing variety of our 

referring scarctily at all (Miller to racial or to kind. The old method of studying many 

individual differences. We have said enough, specimens in some jiarticulars, ami taking 

however, to show that the racial differences llie average of them, has broken down. The 

exist, and it must never be forgotten that cruder statistical methods, and the more 

the individual diflerences exist also. U is relined ones, termed biometry, produce 

certain that within the limits of any race results which do not withstand the criticism 

we find much greater differences in such which study of the individual involves ; and 

essentials as intimate brain structure than the advance of Memhrlism has taught us, as 

exist between average types of different never before, the futility of arguing about 

races. This ])ropositi()n clearly involves the races until we know more about individuals, 

necessity of recognising that we lequire a These consid» nations are ixirnestly im- 
morc detailed study of individual men tlian pre^ssed upon the readtn-, by way of caution 

ever before. As we argue less and less and disclaimer, before we start to sjieak in 

confidently about race, and even become detail of “ man ” as if men were all as “ like 

doubters as to the worth of racial studies as two peas ” were supposed to be until 

which simply mass men together and take Mendel hniiid tliem to be quite different. 

•9 



The motor-car is killing the foolish notion that a draught of air is a dangerous thing. On the whole, 
;here is no doubt draughts do much more good .than harm, though a draught coming through a narrow 
«pace, concentrating the rush of air in a single streak, may well be harmful. Such draughts as are 
experienced regularly in motor-cars are perfectly harmless. 
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A GOLDEN RULE OF HEALTH 

Why We Must Breathe Through the Nose and 
Why We need not be Afraid of a Good Draught 

SHUT YOUR MOUTH AND SAVE YOUR LIFE 


T he policy of tlie oj^cn window is good, 
the policy of the open door is better, 
but the policy of the closed mouth is l)est. 
Of all aspects of health this is the chief. 

The first of all health iiroverbs is — Shut 
your mouth and save your life. Unless 
you have something to say or to swallow — 
and very often even then — your iiK^uth is 
best shut. The breath of man was ] dan ted 
in its nostrils, and there it should remain. 

The health of children is far too impor- 
tant a matter to be ignored or dealt with 
incidentally, and wc shall do it some 
justice later. But meanwhile, unless wc 
arc to leave undone our duty in dealing 
with the problems of air and health, wc 
must discuss the case of those who cannot 
breathe freely through their noses, and 
who therefore cannot obey the first law 
of health. This question has now reached 
such huge and unprecedented proportions 
in this country, affecting such a large per- 
centage of the population in a reepect 
which is radical for health, that it recpiires 
immediate attention. The seeds of the 
mischief are laid in early years, as are the 
seeds of most mischief, and their origin 
is at present obscure. 

At any rate, a large percentage of 
all our city populations — about eight 
per cent, according to the new figures — 
now suffer from adenoids and the conse- 
quences of adenoids. The recent medical 
inspection of school children has justified 
those observers who had declared that 
this was a great national evil, and that 
it was affecting more and more school 
children. Though adenoids are found in 
all parts of the country and the town, 
they seem to be specially associated with 
city life, and have for many years been 
noted as one of the special liabilities of 
the Jews, who arc an urban people. It 
seems, however, that English children now 


suffer as much from adenoids as Jewish 
children ; and the music-hall version of the 
Jew, which almost always depicts him as 
S]K*aking in the fashion of people with 
obstructed noses, will soon lose its point. 
The immediately existing cause of the 
complaint is probably dust — and may 
prove to be dust of a sj^ecial kind, con- 
taining special microbes. This dust, as a 
rule, causes colds in infancy and very 
early childhood which lead to the morbid 
overgrowth of tissue at the back of the 
nose and throat which wc call adenoids. 

The experts in this subject distinguish 
between adenoid growths at the sides of 
the nose, which interfere with the hear- 
ing, and “ central adenoids,'' which inter- 
fere with breathing. These are the com- 
monest form, and these alone concern us 
here. They are the chief cause of inability 
to breathe through the nose. To them 
must be added a very common defect of 
the nose, which consists in a displacement 
or deflection of the partition between the 
two nostrils. This means that one nostril 
is largely obstruct(^d, and the deflected 
partition usually provides, at some kink 
or other, an admirable breeding-ground 
for microbes. 

Children with adenoids, or with a de- 
flected nasal ])artition, arc exceedingly 
liable to colds, which make their breathing 
all the worse ; and in the course of a few 
years these colds do further injury to the 
lining of the nose, aiul not least to certain 
parts which have the special duty of i)uri- 
fying the air as it passes through. The 
state of these people thus goes slowly from 
bad to worse. They become more and 
more liable to colds, sore throats, attacks 
of laryngitis and • bronchitis, and many 
of them begin to get wheezy in their chests, 
and show signs of asthma. Some of them 
also, especially those who live in the 
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country, become very liable to hay fever. All 
these points have to be added to *he bare 
fact, which is serious enough hi itself, 
that they are largely or even wholly 
compelled to breathe through their mouths. 

The mouth has therefore to be kept open, 
giving a foolish and weak appearance to 
the face. This appearance of stupidity is 
reinforced and justified by the child's 
mind. It is not getting sufficient air into 
its blood, and — far more important, though 
forgotten by most people — the child is 
being constantly poisoned by the microbes 
which settle in its nose, and by those 
it breathes through its unguarded mouth. 

The Breathing Through the Mouth which 
Vitiates and Stunts a Child 

Adenoids may disa]^])car as the child 
grows older, and parents will often hope- 
fully wait for this to happen while the child 
is being half suffocated and half poisoned 
all the time, and while its growth is being 
stunted, ancl its development vitiated for 
life. Tlie general rule is that the adenoids 
do not disapjiear; and as for the troubles 
due to a missha[)en nasal partition, they are 
cumulative ancl uncontrollable so long as 
that ]mrtition remains where it is. 

Every doctor knows a mouth-breather,'’ 
and what the future history of that mouth- 
breather tends to be. But only tlici experts 
3'ct know that this condition of mouth- 
breathing, due to nasal obstruction and 
the presence in the nose of disease which 
converts what should be a filter for microbes 
into a breeding-ground for microbes, is one 
of the chief ])redisposing causes, as we 
might well bt*Iievc, of infection by the 
microbe of consumption. That, however, 
is almost certainly the fact, and the time 
is very near at hand when, as a nation, we 
shall deal with it as we should. 

The Great Harm that May be Done to Children 
by the Prejudice Against Surgery 

Mode in surgery can remove adenoids 
with the utmost spe»'d, ease, safety, com- 
Iileteness, and comfort. It can nowadays 
even deal radically with defixds of the 
nasal i)artitio!i, though this involves a 
substantial operation and a fortnight's 
“ holiday " for the patient. The present 
writer spi'aks from jn'ispnal experience of 
both op(Ty.tions on himself, and the former 
upon his own child ; and he writes with 
the utmost conviction, and anxiety to 
breed conviction in others, when he says 
that no one should nowadays permit the 
continuance of nasal obstruction in himsQlf 
or in anyone for whom he is res[)onsible. 

Surgery alone is the remedy for these 
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conditions, and for all the evils which flow 
therefrom. Nasal douches are not value- 
less, but they can do nothing radical. 
The various advertised remedies which 
profess to cure nasal obstruction without 
operation arc all but valueless. They can 
do, at the utmost, what douching with an 
innocent antiseptic docs ; but the expe- 
rience of those who know is clear and 
unequivocal that surgery is the best remedy 
for all these cases, and a very splendid, 
effective, and beneficent remedy it is. It 
is probable that in no rosj^ect does the 
popular prejudice against surgery, and fear 
of even the simplest and most trilling 
operations, do more harm than in its 
interference with the performance of the 
sim])lc o])eration for the removal of adenoids 
from children's throats. 

Now we may amplify oiz ' dogma, and 
say that the very first condfiion of perfect 
health is to breathe through a healthy nose. 
Allowing for heredity and its decrees, wi‘ 
may fairly say that this is beginning as near 
the beginning as the individual can. To 
say “ Shut your mouth and save your life ” 
is all very well, but what if one cannot* 
breathe except through the mouth, or what 
if the nose be a veritable Eden for microbes ? 
First, one must breathe through the nose ; 
second, the nose must be healthy. 

The Reason Why We Should Breathe Slowly 
Through the Nose 

One must breathe through the nose 
because it moistens, warms, filters, and 
even to some extent sterilises the air. The 
mouth can do none of these things, all of 
which are inij)ortaiit, and some of which 
are absolutely essential. The nose exists 
for these ])ur})oses. T.ife is intensely 
economical, and constantly emjiloys one 
structure for as many purposes as ])ossible. 
If to admit air frtHily were the whoK^ 
requirement, we should use our mouths for 
that purpose, and we should not j)ossess 
noses. It is not the whole requirement ; 
indeed, to have too free and clear a nose is 
almost as bad as to have an obstructed 
nose. If the air be not compelled to pass 
slowly enough through the nose, it will not 
gather enough moisture, nor be sufficiently 
filtered of dust and microbes ; and th(‘ 
tonsils— -which are auxiliary to the nose-' 
will probably ]:)rove inaderpiatc to protect 
the voice-box, the windpipe, and the lungs 
from the effects of dust and infection. 
We see people using respirators, and we 
hear of the filtration of the air which 
enters modern theatres or club-rooms. But 
everyone carries with him, if he be in health, 
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..]! efficient respirator and filler, wliich he 
liiust continue to use at his peril. 

We said that not only must we breathe 
through the nose, but the nose must be 
l.althy. People sometimes filter their 
water at home, and in a little while, owing 
t,) neglect and misunderstanding of the 
|.inblein, the filter that was becomes a 
nap and nursery for microbes, with the 
iiiotto “All welcome” visibly inscribed 
111 ton its iridescent surface for all eyes that 
,Mii read it. Just so with the nose. If it 
L. IS out of order it encourages infection, 
w liich leads to its own degiaieracy, and later 
to the infection of still more imjiortant and 
\ital organs. No child or adult with an 
iiiiliealthy nose is safe, and the time is at 
liaiid when no insurance office will accept 
any risk in such cases. 

So much for this most im])ortant subject, 
aiul now we. shall sec that it has prei>ared us 
loi the study of a tu;w subject, which we 
( ould never have understoorl if we had not 
dealt first with the nose. That new subject 
H the too familiar one of “ catching cold,” 
ai’d the whole (|uestion of drauglits and 
]'i Ati‘.ction fiom them. Now, we must under- 
stand, once and tor all. that a common 
I'old is an infectious disi'asi*, due to ])ar- 
‘iciilar kinds of microl)es, just as deliiiitely 

plague is, or cholera or mum])S. 

The Serious Infectious Disease that We Call 
a Common Cold 

fhe healthy nose very rarely contracts 
iliis ])articular infection, just as the healthy 
’toiuach very randy, or never, contracts 
niti'ctioii by microbes that attack it. The 
liralthy stomach ])roduces a jiowcriul .anli- 
srpti(’, hydrochloric acid, which kills 
microbes. The healthy nose ])rodures a 
mucus which is also deliiiitely, though not 
lii.ehly, antiseptic ; and, further, all parts of 
die healthy nose arc jxm hrtly drainciU and 
tin re are no odd corners where the imu us 
^t.igiiates, and in which microbes can 
limit i])ly. The best way in which to axaiid 
tin disease we call a cold is therefore to 
h‘i\e a healthy nose: and if oik^ has not a 
li' ilthy nose, no precautions will ])rt!vent 
“i"* from contracting colds, and possibly 
la iladies far worse than colds. 

ll may be argued that, if the nose runs 
tin M3 risks, it would be better to breathe 
tliioiigh the mouth. Not at all. Microbes 
•111 1 dust instantly strike the hack of the 
tli'‘>at, which is continuous with the back 
I't tlio nose, and in all other respects one 
worse off than l)efore. There is 
m ledy but to accpiire a he^ilthy nose, and 
tinii to breathe through ijt. 


Ihit, of course, there arc limits to the 
resistance of any vital organ, and we must 
not suppose that our duty, as regards colds, 
ends here. Anyone may meet particularly 
virulent microl^es of certain kinds, and 
acquire a cold, just as anyone may meet 
particularly virulent microbes of other 
kinds, and accpiire cholera or leprosy. 
Here, as in all other cases, our duty is 
twofold — ^to protect ourselves against in- 
fection, and to avoid it. 

The Hidden Perils that Face Us in our 
Daily Lives 

Now, where is the infection of colds to 
be found ? For instance, com])aring the 
inside of a tramcar oy 'bus to tlic outside, 
v.here is llu‘ infection most likely to have 
been deposited, and where is it most likely 
to r(‘main ? Once the (|uestion has been 
raised in this form, no (>ne can hesitate as 
to the answer. It is one more illustration 
of the truth of Paeon's dictum that philo- 
sophy and science mainly consist in teach- 
ing men how rightly to ]ml the question to 
Nature. If we think of “ catching cold,” 
then we shall vote for the inside of tlie tram- 
car as safest ; if wc think of avoiding the 
microbes, we shall vote for the outside of 
the tramcar as safest. Our answer entirely 
depends on how we ]nit the question. 

'I'o the man who has stiulii'd these mat- 
ters, dust, dirt, and darkness are the 
enemies; and they are tenfold more to be 
feared when one knows that jx'ople with 
colds have coughed, spat, siuiezed, cleared 
their throats, exj)osed their handkerchiefs, 
and so forth — it is an impleasiiig but in- 
evitable catalogue- - -in the area which he is 
now invited to occupy. He finds it very 
uninviting, and takes iiis ])lace on the roof, 
in winter as well as in summer. If we think 
ol mi('rol)t‘S as real and ])ali)al)le, as we think 
of mad dogs, or Ileas or wasps, or any other 
form of visible life that we object to, we 
shall very soon see the way of safety, which, 
ill this case, is the staircase to the top. 

The Ills that Flesh is Heir to when Weakened 
by “ Cold ” 

Of course, this is not the whole story. 
Whatever a “ cold ” may be, there is such 
a thing as cold, and its devitalising effect 
is l)eyond (|uestion. Pasteur took a fowl, 
an animal which is normally immune to 
inoculation by the microbes of anthrax, 
and stood it with its feet in cold waiter. 
Thereafter the fowl was found to be sus- 
cejitible to inoculation. Its immunity had 
broken down under the influence of cold. 
S(t there is something in the theory ol 
“ catching cold,” after all. 
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Quite so, but we must be sure that wc 
understand what that something is. People 
sometimes read this experiment as if it 
proved that its cold feet had given the 
fowl anthrax. Not a bit of it. What gave 
the fowl anthrax were the bacilli of anthrax, 
to which the cold had rendered it susceptible; 
but a fowl or a sheep might have its feet 
in cold Water for all time without contract- 
ing anthrax, or any other infectious disease, 
if the infective agent were not present. 

Is it True that We Cannot Catch Cold 
from Sea-water f 

And now we can interpret the well- 
known fact that “ people don’t catch colds 
from sea-water.” It is true that we go to 
the seaside, and bathe and shiver while we 
dress, or i)addle, or even get our feet wet 
through our shoes and stockings, and get 
caught in showers, and sjilashed with spray 
— and don’t ” catch cold.” This should be 
enough to prove that there is more here than 
wc have understood. The real explanation 
is simple enough. Even though we have 
been in the water too long, and have really 
lowered our vitality, just like Pasteur’s 
fowl, wc don’t catch cold because the ex- 
periment is not completed — the inoculation 
is not made. There arc very few germs of a 
cold at the seaside ; none at all on the beach, 
and very few in the houses, as a rule, atul 
wc are out of doors most of the time. So wc 
no more catch cold than we catch hydro- 
phobia in the absence of mad dogs. More- 
over, as a rule, our exposure to sea-water 
is not severe enough to devitalise us, but 
proves to be a tonic, and even if wc did 
encounter the germs of a cold we should be 
fitter to resist them. And it may be added 
that the salt in sea-water when wc bathe 
or paddle is a stimulant to the skin, and 
helps our health, just as the motion ot 
open air helps our health by giving a kind of 
tonic ” fillip ” to the skin. But beyond 
question the chief and sufficient ex]danation 
why exposure to cold sea-water, even over- 
exposure, as when wc bathe too long, does 
not give us colds is that the germs of the 
colds arc usually not there. 

Why We Often Catch Cold on Coming Home 
from the Seaside 

One unfortunate fact may be added about 
sea air*, or country air for the city dweller. 
It is very often noticed that, though we 
enjoyed our holidays, got wet through, and 
exposed ourselves over and over again, and 
caught no harm, when we get back to town 
we promptly catch severe colds. TIiq fact 
is only too familiar to many people. Ap- 
parently the pure air was too pure — in the 
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sense that wc lost our faculty of resistance 
to dust and its contents, simply by lack of 
practice. When we get back to the city 
streets, and our noses are filled with dust 
and microbes again, after an interval they 
arc very apt to succumb, which seems 
rather hard lines, but yet is quite under- 
standable. It may often be, also, that wi 
return home, only to be attacked by germs 
which have been multiplying there in oui 
abs(*nce — unless we were uncommonly wis( 
in having our house properly cleansed aiul 
aerated and illuminated by the sun in our 
absence. Of course, if wc exclude air and 
sunlight, and stop dusting and sweeping, wr 
must expect to find something lively and 
deadly lying in wait for our return. 

As for street dust, with its abominable 
and offensive contents, undoubtedly tlu 
disapj)earnncc of the horse will do mucli 
for its imi)rovement in coming years. It 
is a public nuisance and a private danger in 
many ways. In the streets it is dangerous 
to the throat and nose and eyes ; and, 
indeed, wc should do well, on these grounds, 
to transfer to ” stre(^t air” the undcscrv(‘d 
odium hitherto cast on ” night air.” •> 

The Germs of Disease that are Allowed to 
Float About in Cities 

The best thing about the night air of cities 
is that it is less “ strecty ” than day air. But 
city dust is m^t .objectionable in the streets 
alone. It sadly comi)romises the policy oi 
the open window by making that policy 
involve the reception, along with fresh air, 
of quantities of dust and dirt, and microhis 
and smuts, which vitiate the air, make' 
everything dirty, clothes and curtains, and 
books and all. It is certain that, in a short 
time, ]K)pular opinion will be sufficiently 
educated in these matters to demand that 
streets shall be kept cleaner and less dusty 
than heretofore. 

Meanwhile, the policy of the closed month 
is more urgent than ever. The more dirty 
and dusty and microbic the air, the intac 
essential is the filtration which the iiosc 
alone can effect for \is. At times, in thc 
streets, we may encounter unpleasant 
odours, which tempt us to hold our nosr? 
and breathe through our mouths instead. 
This is ([uite a mistake. The smell is indeed 
a warninjj, and should be acted upon, bat 
by getting away from it, ^not by exposiuii 
ourselves far more gravely to the infection 
that accompanies it, which is what the 
rash policy of the open mouth amounts to. 

The most fearful of all microbes in this 
country is the tubercle bacillus, the cause 
of consumption. Wise fear of this genr* 
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enforces, more than all other considerations, 
the policy of the closed mouth. At present, 
consumption is hideously neglected in this 
country, as everyone would admit if the 
disease commonly killed in seven hours or 
days instead of years ; and the consequence 
is that its microbes are very frccpicntly 
encountered by probably every one of us. 

The Words of the Wise King — He that Keepeth 
His Month Keepeth His Life 

Wc meet them in the open street, to some 
extent, but far more in railway carriages, 
trams and 'buses, public-houses, music- 
halls, and in all other places where men spit. 
Until this most deadly of all diseases is 
abolished, as can be done at any time, and 
will probably be done within twenty years, 
the wise citizen will keep the door of his 
mouth more closely than ever, reinforcing 
with the science of Pasteur and Koch the 
words of the wise king : “ He that keepeth 
his mouth keepeth his life ! " 

It is right, in considering the policy of 
the open window, tliat we should know the 
truth about draughts, and, on the whole, 
there can be no doubt that draughts do im- 
measurably more good than harm. We 
should remember that the injury done by a 
tlrauglit depends upon its local intensity. 
It follows that to open the window six 
inches may be risky, but to o])en it as far as 
it will go may be safe. The safe way, and the 
comfortable way. in which to practise the 
doctrine of the open window is to make one's 
room, as far as ])ossil)le, ])art of the open air. 
Instead, wc try to compromist! ; and though 
entire exposure to the open air would have 
done us good, wc sutler from admitting a 
narrow streak, which is in the form of an acute 
<lraught. It is the difference between a sea 
hathe and being played on with a tire-hose. 

The hygienist may really hope, however, 
that his arguments will soon be rendered 
snpciiiuous by the motor-car. Private cars 
and taxis and motor-’buses are uniting to 
leach all sections of the population that 
their ideas about draughts and colds, and 
their fear of the open air, even in the form 
of intense but hroad and copious draughts 
l)roduccd by motoring, were ill founded. 

Why Plants are Good ia a Room by Day 
I but Bad by Night 

The action of plants upon the air cannot be 
i^ ntirely neglected by the hygienist. During 
the daylight, green plants absorb carbonic 
Jicid gas from the air, and give out oxygen, 
lliey therefore directly ventilate the air, 
^kough in’exceedingly small degree. At night, 
lowcvcr, the state of things is reversed. 
\t night the plants no longer decompose 


carbonic acid, but merely breathe, using up 
oxygen and ]^roducing carbonic acid. Plants 
arc therefore desirable in living-rooms, and 
by day in the bedrooms of the ill, but they 
should be removed from bedrooms at night. 

What has been said about dust will suffice 
to prove that rooms should not be dusted or 
swept in the ordinary way, but with the aid 
of damp tea-leaves, or a vacuum-cleaner, ora 
carpet-sweeper, or in any fashion whatever, 
provided that no dust be raised. In a few 
years wc shall marvel at the fashion in which 
we used to clean our rooms. And similarly 
all the sweeping of city streets should be 
preceded by the use of water. Ten years 
ago, in Edinlmrgh, one of the greatest 
medical schools in the world, the streets 
were tlry-swept every night, raising huge 
clouds of dust, which could be seen knocking 
for admission at — commonly closed — ^win- 
dows of even second and third storeys. If 
tluTc be any city where streets arc now 
swept in this fashion, it should be made 
known as a town unfit for human habitation. 

The questions of weather and climate are, 
of course, connected with the problem of air, 
but they introduce so many other considera- 
tions that they recpiire to be dealt with 
sejiarately. lint there is one inqxirtant 
point tt) which we must make final reference. 

How We may Get Used to the Dust of the 
Town and Adapt Ourselves to it 

This point is the great fact of adaptation 
and its laws. Wij have already hinted that 
one may become unaccustomed to city air 
and dust, so that, on return from an excellent 
holiday, one may yet be knocked down by ,a 
“ cokl." There is no doubt that we can and 
do accpiirc a great deal of adaptation and 
resistance to atmospheres which are short, 
often far too short, of perfect. The case of 
the patient from the open air, who found the 
air of an admirably ventilated ward almosL 
intolerabli*, is n'ally a ty])ical one. This 
adaptation works in all directions, and if it 
is to be successfully carried out it must be 
sufficiently gradual.. The convinced and 
enthusiastic reader is urged to adopt the 
j)olicii'S of the open winclow and the open 
door and the 'bus- top as thoroughly as 
possible, but he should do so gradually. 

As for the supposed adaptation of the 
slum populations of our cities to the slums, 
and the breeding of a slum race to which 
slums do no harm, it will be time to discuss 
that when we find the race to which slums 
do no harm ; and the hygienist is inclined 
to wish for a few concentrated samples to 
silence those who apologise for what is so 
immeasurably beyond apology. 
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'rhe modern battleship is a floating nift of steel, on which are placed the most terrible instriimenl*^ 
force that science can devise. iUiilt of water-tight boxes of steel, and armoured with 12-inrIi si* < I 
plates, a battle.ship is designed to survive tire explosion of a torpedo, and can pt>iir out of her !>ig 
a shower of half-tbn shells. The next buttle, if fought on a clear day, will scarcely last fifteen miniU' '■ 
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GROUP 8- POWER -THE STORY OF MAN’S HELPERS- CHAPTER 5 


WHAT A BATTLESHIP CAN DO 

The Most Terrible Concentration of Power Achieved 
by Man Since the Beginning of the World 

WRECKING ATOWN AT20MILESIN 40SECONDS 


N othing is plainer or simpler to look at, 
and few things even in modern civilisa- 
tion are uglier, than a battleship. It is a 
raft built u]) of steel plates, and raised high 
out of the water ; less than two hundred 
yards long, barely thirty yards in breadth, 
and narrowing at the end. On the top of 
the raft arc ten guns, set in pairs along 
the centre line, and over each pair is a 
low ]irotective dome of metal. Only the 
protruding muz/.les of the guns can be seen. 
There is little else to arrest the attention, 
(‘xjept two dwarf funnels like truncated 
factory chimneys, and a structure formed of 
two huge steel pi])es, resembling a half-made 
crane, and serving ap])arently as a mast. 

The modern battleship is not a thing of 
beauty or grandeur. Her lines are hard 
and harsh ; her colour drab and insigni- 
ficant ; even in size she is not remarkable. 

Warships twenty years ago carried 
heavier guns than hers, and the vast Atlantic 
liners show more majestic as well as far 
more picturcscpic. A battleship like the 
Orion or Monarch is really a small movable 
fort — a floating machine designed to carry 
ten large pierces of ordnance. Her highest 
speed is about tw'cnty-six miles an hour, 
and there are many w'arships and merchant 
ships which can move faster than this. 
When going into battle she will be stripped 
of her mast, and show plainer and uglier 
than ever — ^a low, grey hulk, with no sign 
of life visible on it, looking like the dis- 
mantled wreck of some tramp steamer. 

Hut into this sombre battleship has gone 
all that modern science, modern invention, 
and modern industry can devise for the 
]>urpose for which she is built. The most 
tremendous moving engine of destruction 
that mortal brain and hand has made, she 
stands for power incarnate — power strfi)])ed 
of all its show and pageantry, so that 
‘thing shall interfere with its terrible 


effectiveness. The most povverfnl of steam 
hammers exerts a force of about 500 
foot- tons. H.M.S. Orion, with her great 
13 J-inch guns aloiu', can ])roduce every tw^o 
minutes a muzzle energy of 700,000 foot- tons 
— enough to raise thirty Orions a foot high. 

By means of this enormous power she is 
able to throw at every broadsicle more 
than five and a half t( 3 ns of hardened stei‘l 
and lyddite — the most terrible explosive 
known. Each shell weighs 1250 pounds ; ten 
of these shells can be tired simnltaneonsly, 
and the force of the discharge carries tlieih, 
at a high elevation, twenty-one miles, fn 
full view of Dover harbour, the Orion 
could wTeck Calais with a single broadside, 
and within the next few minutes she could 
steam out and destroy Boulogne. One 
broadside gun-lirc of the Orion w'ill ]>roduc<i 
something like an eartlupiake and a Volcano 
combi neil. h^irst will come the ten shc*lls, 
delivered with the smashing force of 700.000 
foot-tons ; then the lyddite in the shells, 
amounting to about 850 pounds, will bri*ak 
up the steel into murderous fragments and 
belch out a poisonous gas. 

This tornado of dcLstructive energy, how- 
ever, is produced at a great cost. The ten 
great guns of thci Orion have a very short 
life, for they are rapidly injured by the 
force which they create. If tlie Orion ever 
fought continuously for about three hours 
and twenty minutes, working her ordnance 
as quickly as i)ossible, she would throw 
558 tons of steel and lyddite, with a muzzle 
energy ot about seventy million foot- tons. 
Probably her deck of thick, hard cementexl 
steel would then be bent and crumpled by 
the continual blast and concussion of the 
ten great guns, and the guns themselves 
would be useless- and silent. The rifling of 
their inner tubes would be worn away by 
the cordite used to create the seventy 
million foot- tons of pn^pellant power. 


dealing with electricity.oil.cas. steam, and all natural forces 
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This is what happened to the great guns 
iis(‘(l in the J apan(‘S(* warships in the st*a- 
hghts w itii the Russians. The hores of the 
ij-ineh guns were (|ui( kly worn away, and 
the sh(‘lls they tired eoiild be seen turning 
soniersaulls in the air. 'I'he result was 
that the battle of 'J sushiina - -the Trafalgar 
of the Russian-Jaj)anesc struggle— was won 
by the. straighter fire of the lighter guns. 
For this reason the capital ships of nearly 
all the great navies now have a secondary 
armament of lighter ordnance. For in- 
stance, the newja]mnese Dreadnought, the 
Aki, has four 12-inch guns, twelve lo-inch 
guns, and twelve*, b-inch guns, while the 
Orion relies wholly upon her ten ijJ-inch 
guns. The British battleship has, it is 
true, some small 4-inch guns, but they arc 
desigiu'd only to beat (jff tori)edo craft. 
The New Principle on which the All-Big- 
Gun Battleship is Built 
The idea underlying our warship con- 
struction is that of s])(‘cialisation. Each 
ship is |)laniied only as a part of a battle 
unit. The utmost destructive force which 
can be concentrated in comparatively small 
room is ])ut on to the capital ship ; she is 
allowed no secondary arniament. I^y doing 
away with the smaller guns a great saving 
of buoyancy and space is effected ; aiul all 
that is saved in tliis manner is spent on 
thicker, heavier armour, on more guns of 
the largest sort, and on machinery for 
driving the vessel at the highest spe(*(l. 

Such is th(* sclu'me of the English tyj>c 
of Dreadnought, of which the Orion is the 
latest dev(’loj)ment. .All the secondarv 
aimament is sacrificed, and the shij) is 
inad(^ into a steel raft for carrying a small 
numl)er of sluut-lived but terrifically 
]iowei*ful guns. Her high rate of speed, it 
is reckoned, will enable her to keep her 
opponi’iits at such a distance that their 
shorter range secondary guns will never 
come into play. Only the heavy ordnance, 
in which she holds a commanding advan- 
tag(\ will count, and that is why she is a 
Dreadnought -a fear-nothing. 

The Mighty Warships that Out-speed the 
Fastest Liners 

S(unetimes the number t)f her guns is 
rediicrtl from ten to eight, and the ad- 
ditional buoyancy obtained in this manner 
is us(*<l to increase the ]H)wer ot her engines. 
In this way the cruising Dreadnought is 
creati'd, of which ll.M.S. I. ion is a mag- 
nificent examph*. The Lion has only eight 
J-inch guns, as comparetl with the Orion’s 
ten, but she is the fastest ship of her size in 
\\\Z WVA'ld. She is now a])proaching complc- 
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tion at Devonport Dockyard; and Cier- 
manv^t present holds the advantage with Ik r 
battlecruiser Moltke, with a speed of about 
32 miles an hour. The Lion, however, will 
be able to make abcnit 3 miles an hour. 

In oth(*r respects the. Lion resembles tlu^ 
Orion. She has no secondary armament, 
but only very heavy armour, and a few very 
heavy guns. Part of the work of scouting 
for the slower and more powerful battle- 
&hips will fall on her ; and, as a rule, the 
two vessels will only fight ships of the same 
class as themselves. They form the centre 
of the battle unit, and their action will be 
mainly offensive. They wall force the pace 
of a naval battle. Steaming broadside-on, 
with all their turrets swmng round against 
the enemy’s ships, they will ])our together 
eighteen shells into them every two minutt‘s. 
and in a very short lime the contest will be 
over. Within a radius of five, miles tlu' 
Orion wall not let anything live on a clenr 
day. Her I25o-])oimd shells are expi‘cle«l 
to drill through the hardest and thickest 
armour. As the shell penetrates clean 
through the arnwmr, th(^ fuse connecle«l 
wath the charge of lyddibi in the shej^ is 
fired, and so there tak(‘s place inside tin* 
stricken ship an explosion of shell and 
poisono)us gas far w'orsc* than the explosion 
of an ordinary gun-cotton torpialo. 

Why the Big, Quick Naval Gua has Van- 
quished the Torpedo 

In the meantime, the battleship w’hicli i> 
sj)reading death and destruction among the 
large ships of the enemy has to defend 
herself against d(*stroyers and smaller 
torpedo craft. As a matter of fact, sIk' is 
practically defenceless ; and it is hen* lli.il 
the idea of the battle unit is fully se(*n. I Im* 
secondary armament has been translerred 
from the Dreadnought to a little lleet ol 
oct*an-going destroyers of very high sjx ed. 
Throw- n out in a fan before the great battle- 
ship, they protect her from the attack ol 
torpedo craft, and do the scouting and 
defensive w'ork. In short, the British Na\ \ 
is now' divided into an offensive section ami 
a protective section. The all-big-giin l)attle- 
ship is the striking force ; she pounds the 
enemy into a sinking wreck, while tin' 
destroyers shield her from hostile craft. 

As things now stand, the big shij) w ith tli*' 
big gundias vancpiished the torpedo. Slu 
so quick that even the submarine cannot m d 
suffiticntly close to hurt her. In iightim*: » 
ship of her own class she relies chielly on I- ' 
tremendous gun-fire. A torpedo takes ab< '.d 
ninety seconds to cover 2000 yards, and it 
is doubtful if even the new^ secret torj)* !'• 




* ' tins picture is Sft n ju'niisiT s(]iia(!ioii sieainini* in siiiiih.* lint-, n*;uly to I'm- a huKulsidr. 'I'lu- <'i iiis< r‘. 
•") as scouts lor the l»ig battleships, such as H.M.S. Neptune, which is seen in the boliom piduiv, 
ailinjr the Hoint* Meet. Sueban armada as this patrols the home waters nii^hl and tlay, ready tor war, 
and is controlled by wireless lelej^raphy from the Admiralty. 
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It is of course, iinpossiMe to keep the aiiimunition f«r the bii: 
Klim 11 tiu- till ivt, mill llii.s ilr.'iwini; Miction in llic tieptlis of 
a iiattlcshlp shows how the aiiiiiiiinilioii is storuil and sent up 
to the turret by lifts. 


of tlio Hritisli Navy, llio Jfardcasllt', is 
of any use at 5000 yards. 7 'lie enormous 
slu‘ll of the I ',.J-inch f;nn, on the other hand, 
travids from tlu* mu/.zU' at a sjhhmI oI 
about lhri‘i‘ thousand feet in a st'contl. 

This wondtrfiil swiftiu'ss makes it ea^^v 
to hit a mark at live or more miles, and the 
enormous force Indiind tlit‘ shell k('e})s it 
extraordinarily true, 'khat is why tlu‘ liiii; 
gun is better than a rather smaller gwi : 
its gn‘ater mu//lc* eiuagy kc't'ps the shot 
straight to tlu‘ mark at wliich it. is aimed 
In at'tual battU*, our i;.l-ineh ordnance 
ought to hit onc(' at l(‘ast in ev(‘ry two shob. 
])roviding the emuny’s vi'ssels can clc^arly he 
seen, at a range from five to S(‘ven miles. 
The torjK'do captain will be standing in tlie 
conning-tower, with his hand on the 
torpedo-])istol. He will be very busy doing 
very intricate sums. From the range-linder 
in the conning-tower h(‘ will b(' able to 
estimate* roughly tin* spi*('d at which the 
ship he is aiming at is going. He will also he 
able to calculate the range, and hen*, per- 
haps. he will receive more precise infornia 
tion from one of tin* gunnery oftic(*rs. 

Hut at long distance’s his we'a])ons will 
])racticall\' be use’less ; and ewen sup])osing 
the ene'iin ’s ship ce)mes just within striking 
ilistance, the chances are he will miss her. 
]ietwe‘e*n the lime he fires his j)iste)l and 
the time* wlu’n his le)rpe*ele) co\ers 4000 
varels, the ship he aimed at will be about 
mile and a third freun its e)riginal position. 
He will, of course, airh at the spot which he 
reckons ^the ship will reach ; anel so the 
whe)le thing beceimes very problematic. 

But in the case of a she'll from a hig 
gun, a ship me^ving at a spe*e*ei' will scarcel y 
aelvance half her length between the tun 
the she)t is lirexl at he*r and the time 1* 
strikes her. Thus the big gun excels in 
be)th quickness and sureuess ejf aim ; the 
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THE STEEL COAT OF A BATTLESHIP 
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Hard, tcnisi'h, thick armour-plates cjf carbonised, forged steel protect the vital parts of a battleship; 
'•'kI the turbine engiues, which are the power-giving heart of the ship, are still further sliielded by an 
■ciiioured deck and by bunkers of coal which act like the earthworks of a inodern fort. It is still 
doubtful if the sliell of b:g guns can get through modern armour at a lighting distance. 
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THE WARSHIP’S BOWS THAT CUT LIKE A KNIF 



THE MOST TERRIBLE SHIP IN THE WORLD 

1 . " 
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ten enormous lyddite shells which it throws 
every two minutes at the same target arc 
swifter and deadlier than the torpedo. The 
terpedo is likely to play in naval warfare a 
])art similar to that now assigned to cavalry 
in land warfare. The big gun will smasli 
u|) and demoralise the enemy’s fleet ; and 
then, under cover of night, the torjiedo craft 
will rush in and turn the defeat into an 
annihilating rout . Of course, imjirovcments 
in the submarine and in the toqiedo itself 
may soon make this weapon a quicker, 
surer instrument of offence. If this hap[)ens, 
tin* ca])ital shij) will have to be transformed. 

Hut at the present time the battleship of 
the Orion class is siqireme. All that the 
abh'st minds in industry and science can 
devise, with the ri'sources of modern civilisa- 
tion to produce the utmost energy of 
destruction, is done by the machinery 
hidden in her jdain, grey, and a])parently 
simple hull and turrets. On the five turrets, 
containing the ten guns of the Orion, an 
extraordinary amount of inventive genius 
has been sjient. Tlie turrets arc placed 
along the centre line of the battleship -that 
is to say, along the k(M‘l line running from 
tin* bow to the stern. This is a n'version 
to an old design in British tiirnd-ships. 

When All the Guns on n Battleship are Fired 
Together 

Tile thing seems so clear that it may s(‘em 
dilTicult to undiTstand why the centre-line 
system was ind adopted in our first Dread- 
nought. The fact was that all the great 
naval. I’owers — except the United States— 
W(‘re ready to sacrifice from 20 |^er cent, 
to ;58 ])er cent, of the broadside fire of their 
battleships in order to retain a jiowerful 
bow and st(M*n fire. If the turri'ts are placed 
all on the same level down tlu! centre line, 
thcTe will be only two guns available for 
firing at an enemy directly in front or 
directly behind. 

The Dreadnought, and the Nassau, the 
Satsuma, and the Dan ton can bring 
each six guns to bear in an end-on fight. 
The Americans, however, got over the 
difliculty of combining a full broadside 
tire of ten guns with an end-on lire of 
nearly si.x guns. They kejit to the centre- 
line system, but built the second turret 
higher than the first, and the fourth 
turret* higher than the fifth. The guns in 
the two higher turrets fired over the top 
of the two lower turrets in an end-on 
action ; while the third and middle turret 
was able to train its guns round either to 
the bow or stern, anil so add practically 
two more guns, making six in all. 
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For some years no other nation followe<l 
the lead given by the United States 
There was a general feeling that tin 
Americans had taken too many risks for tin- 
sake of a theoretic advantage. What will 
occur, said all other naval constructors 
when the terrific blasts from the two uppc i 
guns continually sweep above the lower 
turret ? What will then happen to tin- 
men in the lower turret and to the mount- 
ings of the lower guns ? 

The Secret of the Tremendous Power of 
the New Battleships 

Yet the Orion is a magnificent suc('('ss. 
She carries much heavier guns than the 
Neptune. They are i;^.Uinch, weighiri; 
seventy-five tons, and casting a 1.250 ll». 
shell ; while the guns of the slightly older 
sliip are only 12-inch, and throw an 
850 lb. ])rojectile. The; Orion has twu 
superimposed turrets ; and when the guns 
from them are fired din'ctly over the lower 
turnds, tlu; men beneath are not incon- 
venienced in working their own guns. A 
blast with the enormous energy of 140, ooo 
foot-tons - -power ('(jiial to that exerted hy 
400 of the larg('st steam-hamnu‘rs is 
moving over tlu* dome of nu‘tal just ab(t\i- 
the gunners’ heads, and they scarei‘ly feel 
it. And tliink of the strain on tlu* sfnietnre 
of tlu* .shij) when, with all five turrets swiinr; 
in tlu* same direction, she deliv(*rs the 
volcanic energy of destruction of a full 
broadside* ! Yet she only dips a little* unde r 
tlie re*ce)il, anel then risers te) give the* next 
smashing blow. 

The means by which this territic power 
is wieleleel, witluuit putting any strain em 
the ship anel cre*w, is the granel se*cre‘t ol 
tlu; e:e)nstruction e)f the ()rie)n. She* is the 
ine)st mysterie)us as well as the me)st ])e)wei lul 
e)f battleships. Her se'cret resiele*s partly in 
the design e)f her turrets anel mainly in tin* 
way in which her giant guns are nu)nnt(‘el. 
Here it is that at present we ludd e)\'er 
every other natie)n a great advantage, not 
emly in the number and armament of our 
ships, anel in the number e)f our men, hut 
in the creative faculty of inventiveness. 

The Gigantic Gun that is Too Powerful 
to be Mounted 

It is fairly easy nowadays for a great in- 
dustrial nation to bnilel a monster gun. 
For sonKi years the Americans have had a 
14-inch naval gun ready the Germans an* 
making a gun of the same kind in answi r 
to the I3i-inch ordnance c>f the Orion ; and 
we, in turn, intenel to set the pace again 
with a 15-inch armament. Indeed, n'*' 
possess a iiol-ton gun, firing a va. . 



rHE STEEL ROOM AT THE TOP OF A SHIP 



ilh posilioii-findcrs and other instriinients, j»unnery otlicers in the slet:l fire-control st.ilion, at tlie lop 
‘>i the mast, lind the ranj;e and. speed of hostile ships. Tlu^y P-leplioin; their ol)servations to the lire- 
'-^jntrol officer, who sits in an iron room in the depths of the vessel, and this control ollicer, by electricity, 
fires guns th«it he cannot touch, at an enemy that he cannot see. 




THE GUNS OF A DREADNOUGHT RING OUT ACROSS THE SEAS 



In ck'livurinj^ a broudsicle, the armoured turrets swai!;; round iijgelher at the loucli of a lexer, with all liie.r iiuns on tlie enemy. Here the 12-inch guns ot 
the nr-Mdtiought are seen shooting at a gun trial ; at least one in every two shots will^trike home, at hve to seven miles, now that smokeless powder is used. 
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explosive shell. But making a gigantic gun 
of the modern sort is one tiling, and con- 
structing a mounting which will enable a 
ship to stand the shock of ten guns firing 
an immense charge of cordite is a very 
different tiling. It is not as though the 
gun were placed on a firm foundation ; it 
is put into a turret which swings round 
on a turntable at a touch on a lever. It 
must be exquisitely balanced ; and nearly 
all the smashing force of its recoil, when 
its charge of 170 lb. of lyddite is fired, 
must be taken by some mechanism fixed 
in the revolving turret. 

In the Turret of the Orion — the Most Wonder- 
ful Mass of Machinery in the World 
The writer has been permitted by the 
Secridary «)f the Admiralty to go over tlu' 
Orion on her return from lier gun trials, 
but all that he has liberty to say is that the 
new mountings were a success. The in- 
terior of one of the turrets of the Orion 
forms the most wonderful mass of machinery 
existing in the world. Besides manufac- 
turing with its two guns an cixplosive force 
of 140,000 foot- tons, the structure contains 
com})resscd air engines and machinery 
worked by hydraulic and electrical |)ower. 
Practically everything is done by machinery 
on a modern battleship. In the Orion 
there arc several boilers for creating 
st('am ])owcr, and ])robably more than 
fifty engines for converting this jxiwer 
into locomotion, electricity, compresseil air, 
and hydraulic force. In the centre of the 
ship, ])rotected by the heavi(‘st armour, 
and with bunkers of coal on either side, 
acting as a kind of earthworks, is a Parsons 
turbine of great horse- j jo wer, which drives 
the Orion at a sjjeed of twenty-six miles or 
more an hour. Nine hundred tons of coal 
and 2700 tons of oil are used together in 
the furnaces, and the scorching fumes 
which they jjroduce are circulated round 
ami round the tubes of the boilers to get 
as iimch energy as ^jossible out of tlie fuel. 
How a HalMon Shell is Lifted from the 
Magazine into the Gun 
The boilers are composed of layers of 
little pipes, those in the Orion having been 
made by Babcock and Wilcox. They 
have several advantages over the big, liollow 
boiler. They enable steam to ht; got up 
very quiokly — a groat thing in a battleship ; 
and if they are pierced by a' bit of shell 
they are easier to repair. A modern battle- 
ship, however, would not be injured if her 
boiler were struck. In a few moments the 
great turbine engine would be attached* to 
another boiler in a different part of the 
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hull, and before the ship had slowed down 
her four screws would be whirling at about 
their ordinary speed. If the boilers wen- 
much damaged, so that all the steam 
available was needed to keep uj) the speed 
of the ship, the army of sailors in the depths 
of the wounded leviathan would have to 
work very hard while the battle lasted. 

But in the ordinary way little manual 
]:)owcr is used on a modern battleship. 
Nearly everything is done by compressed 
air, hydraulic power, and electricity. Take, 
for instance, the firing of the two big guns. 
The actual haiul labour of the gunners in 
the turrets is light. 

They are highly skilled engineers en- 
trustetl with the delicate care of a huge 
mass of exquisite and intricate machinery. 
They neither load nor fire the gun. The 
great shells are slacked in compartments 
in the bottom of the ship ; a large steel 
claw travels above the compartments, 
drops down, seizes a shell, and carries it to 
a lift ruiming iqj to the turret. All that the 
gunners have to do is to open the breech 
of the gun, and tlu‘n the shell — more than 
half a ton in weight — is si'ized by auothqj: 
piece of machiiHTy and placed in the gun. 
No hand touches it during its journey 
from the magazine into the gun. 

How the Tremendous Guns of n Modern 
Bnttleship are Fired 

Still more extraordinary is the way in 
whicli the gun is tired. High above the 
battleshi]) is the fire-control station. This 
is a platform supjjorted by two long, huge 
steel tubes. When the ship is cleared for 
action, the mast which usually rises from 
the tire control is removed, lest its fall 
should endanger the gunnery officers. From 
their tower of vantage they study the 
enemy’s ships with telescopic range-finding 
instruments, and by means of speaking- 
tubes and telephones they communicate 
their information to the chief lire-coutrol 
officer. He sits at a table with some 
assistants in a room in the most heavily 
armoured depths of the ship. He can see 
nothing and hear nothing, but it is he who 
directs and tires the ten great guns. He is 
principally a mathematician. The men high 
above in the firc-cdntrol station telephonic 
to him their calculations of the speeil of the 
enemy’s ship and the range necessary to 
hit her. The fire-control officer gives the 
order for one gun to be trained on the 
hostile battleship. The men in the turret 
give their gun the elevation worked out by 
the fire-control officer. This officer then 
fires the gun by means of electricity, and 



THE DOOM THAT STEALS THROUGH THE SEAS 



\ TOkl'KDO IN TllJi STKKJ. TUBK FROM WHICH IT IS FIKKI) INTO TIIF S1=:A ON ITS JOURNJCY OF fJFATH 
llc‘re wii sc*t; a torpedo in its casiii}^, with a picture of another at the moment of slartinj^ its journey ol 
death. Fired, by compressetl air, from a steel tube, the torpedo shoots forth on its work of di.*strn<'!ion. 
iiehind the screw, worked by a little unseen enj'ine, ar<; the rudders. 'I'he anj^les at which these 
‘Ue set (ieterminc the depth below the water-line at wliich the tori)edo strikes the doomed vessel. 


THE NEW GUN THAT RULES THE SEAS 



Placed in pairs in a turret which no shell can break, the I3j-iiich guns of the Orion, shown in the toj’ 
picU?re, now' dominate the seas. The 12-inch guns of the Lord Nelson, show'ii below, tire only an 
850 lb. shell, while the shell from the Orion weighs 1250 lb. 
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I.OA DING THE BIG GUN ON A DREADN OUGHT 



i Ilf' 


...*- liiiiiv shells used l)y llu* I3i-iu(li s^un are raised l)y a lill ln>m llio ina-^a/m«-, and i.laeed l>> 
Miaohinery in the breech of the great gun. 'Hie shell weighs niore than liall a luii ; an<l llie lowei 
picture shows a mechanicarrammer which has just driven the shell into tlu; breech. All the inechanisni 
is worked by hydraulic and electric power and coinpresstd air. 
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Ills assistants watcli the fall of the shell 
from their tower high above tlic deck. The 
odds are that tlie shot fails to strike the 
mark ; it falls too sliort or too far. But by 
measuring the distance between its splash 
and the enemy’s ship, the exact range is 
found. Again the fire-control olficer and his 
assistants work out their calculations, and 
in the two minutes necessary for reloading 
the first gun they arc ready. 

The Torpedo Captain who Stands with His 
Hand on a Pistol 

Overlooking the bows of the battleship 
is a low, heavily armoured kind of little 
turret ; between its massive dome and 
the thick cemented steel that form its 
sides there is a slit too narrow for a 
shell to endin', but wide enough to enable 
a man to si^e for miles across the sea in 
front and on either side. This is the conning- 
tower. In it stands the cajitain of the 
ship, and he also has instruments for finding 
the ranges and speed of the enemy. This 
work is tlonc for him by the torjiedo ca])- 
tain, w'ho remains by his side. The torpedo 
captain has a jiistol, and whenever he 
presses the trigger a twenty-one-inch tor- 
])edo is fired from a gun through the water 
at the bottom of the shi}). The captain of 
the batlleshi|), on the other hand, docs not 
tight. It is his sole aim to marueuvre his 
ship into such a jiosition as to give his fire- 
control olficer the best oiiport unity for 
using the gi^'at guns. So much trouble has 
been taken by all the great navies to give 
their battk'ships a jiowerful eud-on lire 
that any man who is not an expert would 
think that a bow or stern fire of six guns 
is of supreme im|)ortaiice. It might be 
su])posed that when a ship only shows to 
ihe. enemy its narrow bow, which increases 
at the most to a breadth of barely thirty 
yards, it would ]nesent a very small mark. 
It might also be supposed that when a 
ship turns to tire broadside at the enemy, 
and ])resents in turn a length of about 
tnie hundred and eighty-tw'o yards, it would 
be a much easier target. 

The Man who Aims the Gun which May 
Destroy a Town 

All this, however, is quite wrong. It is 
hardest to hit a shii) that lies broa<iside-on, 
and easiest to hit her when only her bow or 
stern can be discerned. Let \is explain the 
matter from the point of view of the fire- 
control oHicer. His great dilliculty is 
to get the exact range of the' enemy. 
The big modern gun, fitted with special 
machinery, and having an immense mil; 5 zlc 
energy which kce])s the shell true to 
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its mark over a long distance, can hv 
aimed straight by any w’ell-traincd gunnei . 
The problem is to set the gun at the exact 
elevation necessary to make the shell fall 
at, say, 9000 yards. An almost microscopic 
difference in the tilt of the gun will cause 
the shot to fall, say, 9050 or 8950 yards. 
The shot may be quite straight, and yet go 
over the sliij) or s])lash harmlessly in front 
of it, if the ship is steaming broadside-on. 
For she tlien })rescnts only her breadth of 
thirty yards. If, on the other hand, she is 
steaming end-on — ^let us say she has gi\'eii 
up the fight, and is running away w'ith o\\\y 
her stern showing — ^then the shot fired at 
her will tell, no matter whether it is tifty 
yards short or fifty yards too far. Elevated 
to a range of 9050 yards, the shell may 
plough through funnel or lire control and 
smash on a turret near the bows ; wdiile at 
a range of 8950 yards it may strike one of 
the stern turrets and jam it. 

Thus the captain in the conning towei 
wdll mauteuvre to get his ship w'ithin alwnit 
live miles of the enemy, and broadside-on. 
His ship will then present a target of only 
thirty yards, and the fire-control of'fictr 
will, by that time, have got the exact range 
and be discharging ten guns full at tlie 
enemy every two minutes or so. 

Will the Next Great Naval Battle Last 
Fifteen Minutes ? 

In this case the enemy might be sunk in 
six minutes ; indeed, there is more than a 
possibility that, if the first broadsidij of live 
and a half tons of lyddite and forged steel 
struck clean home, the; awdul work of destruc- 
tion would practically be suddenly over. 

It is natural to ask wiiat w'ould ha|)peii 
if the tirc-control station of the Orion 
were destroyev .1 during action. A few 
years ago it would have meant • the 
utter disorganisation of a gigantic batlU - 
ship. On the Orion, however, it would 
scarcely interfere for a miniitii with tin- 
work of the tirc-control olficer. lie would 
not be killed, as in the days w^hen he was 
working the guns from the lire -control 
station ; and a few seconds after the 
station fell, another set of men, in anothei 
])lacc, would be working w'ith telesccqns 
and range-finders and sending him a 
stream of information. How all this can In- 
done w’hefi the fire-control station is shot 
away is another mystery of the Orion which 
must not be revealed. But' is it not strange 
that the modern battleship, wdth its un- 
paralleled complexity of machinery, should 
be so wonderfully simple in its fighting 
action ? A. battle betwoen two great modem 






THE AMAZING NEW BATTLESHIP WHICH HAS THROWN THE DREADNOUGHT OUT OF DATE 



HARMSWORTH POPULAR SCIENCE 


warships really resolves itself into a duel 
between two men — ^the two fire-control 
officers. The captains of the two hostile 
ships act as seconds, and scheme to get the 
best position for their meri. 

The two armies of sailors and marines 
of all ranks, the engineers, stokers, arti- 
ficers, and the rest of the crews, are only 
humble assistants in the duel. They see 
that the powers at the command of each 
duellist— electrical power, hydraulic power, 
the power of compressed air, the energy 
in many thousands of tons of coal and oil, 
and in vast stores of cordite and lyddite 
— are employed to his advantage. 

The Mae who Fires a Gun He Caaaot 
Touch, at aa Eaemy He Caaaot See 

The two men themselves each sit in a 
closed room of steel in the black heart of 
their ships, calculating against each other 
like two chess-players playing a match by 
cable. They sec nothing and hear nothing 
of the outside world ; nothing reaches 
them but information coming through the 
sy>eaking- tubes and telephones from the 
fire-control station and the conning- tower. 
In essence, it is the game of one mind 
against another mind — a slight slip in a 
rapid calculation, and the other player 
gives check, delivering his answering move 
from the mouths of his ten guns. A 
slight pressure on an electrical button, and 
he fires his broadside, and down the tube 
from the hrc-control station comes the 
information that he has struck home. 
The awful game, played by two men who 
see nothing of it, will decide the fate of 
two or more of the great Powers of the 
world. There is surely a wild and dreadful 
sublimity in this duel between the two 
fire-control officers of opposing battleships. 

The Fire-Control Officer — the Greatest Man 
in the Nayy 

Practically everything in vessels of the 
improved Dreadnought type has been sub- 
ordinated to the needs of the fire-control 
officer. It has been found, for instance, 
that he cannot manage more than a certain 
number of big guns. So the only means of 
adding to his terrible powers is to increase 
the energy and smashing force of his 
tremendous weajxms. For this reason our 
naval constructors have for some years 
devoted- themselves to the laborious task of 
working out the centre-liiie system of 
turrets and superimposed turrets, and 
mounting a bigger gun. The- 12-inch 
ordnance has given way to the I3j-inch,, 
and now the hundred-ton naval gun is -only 
waiting for a i>foper mounting, so that it 
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can be given to the fire-control office 
wherewith to fight his duel. To free hin 
frpm distraction, and place all weapon 
of importance at his command, the secondar; 
armament has been removed to anothci 
and smaller ship. He has not to take an^ 
defensive measures ; he is force incarnab 
— swift, brutal, aggressive, destructive 
overwhelming force. All he has to do i: 
to strike as surely and as often as he can 
and his captain will see to it that he h 
put in the best position for striking. 

The great problem connected with tin 
I3j-inch gun relates to its power over thi 
armour plate. It is still a question if the 
big gun has co iquered the new armour 
For many yetri the battle between the 
gun and the armour plate has raged; ant 
for a long time the armour plate waj 
victorious. The Orion carries thick armoui 
round her vital parts. She has also ai; 
armoured deck and a false bottom. Tc 
return to our first image, she is a steel raft, 
floated by means of innumerable little, water- 
tight boxes of steel and iron. If a numbei 
of these boxes were blown away by shelh 
and torpedoes, the Orion would not sink. ^ 

The Extraordinary Battle Between the Big 
Goa and the Armour Plate 

Practically she is unsinkable ; and if 
two or three holes were torn in her side, the 
result would be merely that her speed 
would be retarded. Only the 12-inch gun 
could be brought against her ; and in spite 
of all that has been loudly said about the 
new 12-inch gun, it is very doubtful if it 
victorious over the armour plate. 

Modern armour was invented by Kru])iJ 
in 1893, and has since been improved 
by British manufacturers, who keep their 
processes secret. Usually it is formed of 
steel mixed with small quantities of nickel, 
chromium, carbon, and one or two othei 
things. It is cast, heated, and forged, like 
the gun, under a hydraulic press. Then 
it is reheated and rolled and planed and 
cemented. It is put in a cementation 
furnace, where its face remains for some 
weeks in contact with specially prepared 
carbon. After this it is plunged in an 
oil bath, reheated, cooled, heated again, 
and bent in a bending press, and again 
heated and chilled. Then it is machined and 
drilled, ami again heated. Thus is formed 
the hardest and most resistant substance 
that human skill can devise. 

Hard armour of this sort cannot be per- 
forated by any kind of gun ; it must be 
cracked. Shells filled with high explosive^ 
arc useless against it in the ordinary way. 
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If a lyddite projectile explodes on touching 
the plate, it does no damage. Shells are 
made of forged, hardened, and tempered 
steel, but the very hardest of them is 
shattered against a thick, cemented plate. 
In 1894, however, Russia made some 
startling experiments with a new kind of 
shell, that shot through armour plates. A 
thimble of wrought iron or soft steel was 
placed over the hard point of the shell. 
When the capped projectile was fired 
against armour it had an extraordinary 
effect. For the soft thimble supported the 
hard point, and prevented it from being 
crushed, and so the shell went clean through 
the hard-faced layers of steel. 

A Little Thimble of Soft Iron that Breaks 
Through Ten Inches of Hardest Steel 

This invention of an armour-piercing 
shell was first thought to have decided in a 
final way the battle between the big gun and 
the cemented plate. In the Russo-Japanese 
War, however, no thick belt or turret armour 
was perforated ; and even at the present 
day it is very doubtful if the 12-inch guns, 
carried by every big battleship in com- 
mission except the Orion, can do any serious 
damage against heavy armour at fighting 
distances. Breaking through a straight, 
level piece of plate, erected as a target, 
is an interesting test of the power of a gun 
and its capped shell. On a battleship, how- 
ever, all the armour is curved and in motion, 
and the projectile must strike normally on 
the plate in order to drill its way through. 
Thus the chance of perforation is really 
small ; and in spite of general opinion to the 
contrary, armour has remained up till now in 
advance of artillery. Has the Orion changed 
this position of affairs ? Undoubtedly 
she was designed to do so. Her guns are 
reckoned to have one-fifth more j)ower of 
penetration than the ordnance ot the Nep- 
tune. It has been widely reported that the 
armour-piercing shell of the Orion can get 
through 12 inches of the hardest and deep- 
est-faced plate at a distance ot seven miles. 

The Battleship that will not Let Anything 
Live Within Five Miles 

The writer feels certain that this could 
not be done in actual warfare. At a range 
of seven miles the gun-fire of our most 
powerful battleships will be directed at the 
less protected parts of the enemy's vessel ; 
it will very likely damage some of the gun- 
mountings of its secondary armament, and 
“--with luck — ^jam a big- gun turret. At five 
miles, however, the Orion is expected to 
kill anything of mortal making ; and here, 
perhaps, armour will * begin to give way to 


artillery. But, in the judgment of the gun- 
maker himself, the gun is not yet trium- 
phant, for he is busily inventing weapons 
of greater power. 

As things now stand, in this world of 
w'arring interests, national ambitions, and 
racial jealousies, the modern battleship is a 
noble instrument of defence for an island 
kingdom, whose energies arc almost entirely 
absorbed in the arts of peace. She is a 
symbol. In her, on the one hand, are 
handed on the traditions Nelson bequeathed 
when, dying on the Victory, he left his 
country mistress of the seas. And in her, 
on the other hand, is represented the genius 
for invention and manufacture on which 
is based the modern civilisation of Great 
Britain. We front warlike nations that 
hwe many millions of soldiers, yet we are 
wml defended against the huge armies of 
the Continent by our fighting sailors, 
who number only 131,000 men and officers. 
Much we owe, of course, to our insular 
position. But to make full use of that 
position we need our mines and blast- 
furnaces, our factories, vast dockyards, 
and great manufacturing centres. 

One Naval Engineer of Genius is Worth 
More than an Army Corps 

The traditions of James Watt have 
become almost as important to us in 
naval warfare as the traditions of the old 
admirals. We are, to a largo extent, a nation 
of well-trained mechanics and designers of 
machinery ; and we defend ourselves by our 
mechanical skill and our talent for devising 
mechanism — ^l)y all the activity, wealth, 
inspiration, and resources of our industrial 
civilisation. Instead of increasing our war- 
like power by a new army corps, we frame 
a novel sort of floating fort which sometimes 
more than doubles tlie striking force of its 
crew. In 1906, for instance, we held the 
lordship of the sea with the first modcrir 
Dreadnought ; and now, only five years 
afterwards, we have produced in the Orion 
class a shij) at least twice as powerful in 
fighting power as the Dreadnought. We have 
invcnteil the new fire-control system, the 
Parsons turbine, and the new gun-mount- 
ings ; we have a secret torpedo with 
marvellous range, and a submarine which, 
for ingenuity and efficiency on a small scale, 
beats the Orion. Directly or indirectly the 
British man of science, the British inventor, 
mechanic, and captain of industry are now 
part of our naval forces. Some of their 
mind and skill, their enterprise, and organis- 
ingability goes to the devising of the terrible 
machines of war that patrol our seas. 
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MAKING ■ A TON OF PAPER EVERY HOUF 



Here is an almost fulMeiij^h view of two papermaking machines, each about 200 feet long. The matcri 
enters the machine as a thin watery fluid. Hy a series of delicate and complex operations the composiii* 
is drained of water, and the flbres felted together to form over a ton of paper an <hour on each machin* 
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C.ROUP 9- INDUSTRY- THE WORKSHOP OF THE WORLD - CHAPTER 5 


THE KEEPER OF KNOWLEDGE 

o 

The Story of the Paper which Preserves the Store of 
Human Knowledge, and* Makes the Thoughts of Men Immortal 

AN INDUSTRY THAT DESTROYS IGNORANCE 


p*EW inihistrics arc so compacted of hidden 
^ romance and fascination as that whose 
])rodnct is one of the least considered of 
commonplace articles — a sheet of ])aper. 
Paper is so abundant, its uses arc so many, 
that it seems as inevitable as air. Those of 
ns who have grown up in an age in which 
])apcr has been exempt from taxation, with 
a Press which has known no restrictive 
impost, cannot readily imagine a time in 
which paper was scarce and dear, the 
luxury of the few. Still less can we picture 
tlfc dark days of an earlier epoch in which 
paper had no existence. 

Without water, which is the paramount 
gift of Nature, every living thing would 
perish ; without j)aper — which is an artificial 
creation, the work of man's hands — civilisa- 
tion would perish intellectually. Without 
])apcr there could be no diffusion of know- 
ledge. The art of printing would have 
been valueless had there Ijeeri no paper. 
We might convert the hide of e^^ery 
available animal into parchment on which 
to score our records without furnishing 
a substitute for paper. The cpiadrupeds 
of the world arc not illimitable, but the 
uninterrii])ted supply of paper, like seed- 
time and harvest, must not fail. 

All the learning of the world is com- 
mitted to paper. The secrets of health, of 
commerce, of invention and industry, all 
the music of the dead immortals, all the 
philosophy and eloquence and varied poetic 
glories of ancient and modern seer and 
singer — all is bequeathed to us on paper. 
Newton had to pause in his mighty task of 
establishing the mechanics of the solar 
system until there came to his hand a 
paper giving him a measurement of the 
earth's magnitude ; the world had to wait. 
b>r the steam locomotive until (Icorge 
Stephenson learned to read, so that he might 
master the secrets whose explanation was 


to be won only from the records of science, 
printed on ])apcr. 

But for paper, Shakespeare and Milton 
and Dante would have come down to us in 
mutilated versions preserved by a few 
illuminated maniiscrij^ts, or by word of 
mouth from minstrel and stroller, (hilileo 
would have suffered in vain ; Harvey’s dis- 
covery would have been made to be repeated 
again and again ; science and li'arning and 
trav^el would each have been confined 
within narrow boundaries, the knowledge of 
each restricted to a narrow circle of mc*n. 
The need for paper grew in time to be almost 
as essential to the advancement of man as 
oral speech. How did men, reaching out 
from the wilds towards the civic life, 
arrange their affairs without it ? We can- 
n(3t tell when man discovered the earlii^st 
suggestion of writing, of which pa])er was 
to be the ultimate medium. 'I'hieves and 
tramps and gipsies have to-day a code of 
written signals, scrawled upon gates and 
walls and trees, for the guidance of their 
followers. 

We cannot say at what remote ]3e.ri(3d of 
time such an art had birth. Certainly the 
idea of blazing a trail in the trackless wilds 
did not originate with the j)ioncers of 
modern days. There are preserved to uS 
many specimens of the cave man's art, 
wrought upon rock and flint and bone with 
the primitive implements ready to his hand, 
but we cannot judge what signs he would 
employ, figured upon soft ground or upon 
the trunks of trees, or upon rocks ex])osed 
to view in some path in the wilderness com- 
monly followed by himself and his fellows. 
Five great systems of writing have been 
independently evolved, each a writing made 
up of symbols representing either things or 
abstract iileas. The earliest was the Fgyptian 
picture-writing. Upon that was basin! the 
first of alphabets, the 'Phienician; from 


THISCRWP DEALS WITH MANUFACTURB-ENCINEERINC TRANSIT-EXCAVATION 
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that s])rang two hundred variants, of which 
fifty arc still in use in the world to-day. 
These languages were inscribed, with various 
engraving tools, upon stone, upon clay, 
upon metal. The oldest known code of 
laws, the ('ode of Hammurabi, who reigned 
twenty-two centuries before Christ, is 
inscribed upon a block of black diorite. The 
British Museum preserves a Babylonian 
tablet bearing an inscription relating to 
Sargon I., King of Akkad in 3800 b.c. 

The Tax-Collector with his Load of Receipts 
on a Donkey's Back 

From inscription uj^on stone the next 
step was the adoption of clay as a medium, 
the clay, inscribed when in a plastic condi- 
tion, being afterwards baked or sun-dried 
to render the record durable. Clay tablets 
relating to business transactions of all sorts 
arc in existence which carry us back to the 
twenty-fourth century before the Christian 
era. When we remember the difficulty that 
Sam Weller found in expressing himself in 
terms of affection on ])aper to his lady- 
love, we cannot but wonder how the ardent 
.swains of ancient Egy])t and Babylonia 
contrived to do justice to their feelings 
when inditing tender messages on damp clay. 
The task of the tax-collector was an arduous 
one. He had to give receij)ts, but these 
consisted, not of slij)s of paper, but of a 
donkey-load of broken pottery, called pots- 
herds, one of which he had to tender, with 
an acknowledgment scratched upon it, in 
exchange for eacli legal tribute received. 

Jhit the astouiKling. civilisation of the 
ancient Fast, which can be traced back for 
over seventy centuries, recognised that a 
better way of writing was to be found than 
inscrij)tions upon stone and metal, though 
these materials had to be retained for laws 
and treaties and declarations of abiding im- 
]H)rtance. The ancients discovered the first 
and only jwedecessor of paper. It was 
papyiiis, from which j)apcr takes its name. 

How the First Sheet of Writing Paper Came 
into the World 

Papyrus is a species of sedge, rooted in 
water, and growing to a height of from 
eight to ten feet. There was insj)iration in 
the creation of ]:)apyrus as writing material. 
It marked an advance in inventive ingenuity 
as great as was the formation of the 
alphabet upon the pichirc-writing of the 
l£gyptians. The Egyptians had no model ; 
they began independently with their papy- 
rus, cut the stem into thin strips, placed these 
together longitudinally with pieces laid at 
right angles, beat them, and soaked them, 
so causing the strips to adhere, smoothed. 
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and perfected them, and, lo ! the first sheet 
of writing material had come into the 
world. 

We know that this material was in use 
at least thirty-five centuries before the 
Christian era. There exists in the “ Papy- 
rus Prisse,'' a work discovered in a Theban 
tomb of the eleventh dynasty, which pur- 
ports to be a copy of a treatise relating to the 
fifth dynasty, that reigned about 2500 b.c. 
Lower Egypt is the gift of the Nile, which 
gave the world its first true writing 
materials. Pa]^yrus is one of the vegetable 
growths which year after year chokes the 
Nile with 500 miles of sudd,” and that 
sudd has at last been rendered commercially 
valuable by its conversion into a fuel which 
will lake the place of coal for steamers 
engaged in developing the land on either 
side of this life-giving river, where penman- 
ship had its inception. 

Papyrus became the medium for the 
penmen of old Egypt, the pen itself being 
a reed, and the ink made from some 
animal carbon, and coloured black and red. 
Although known to early Greek writ(Ts, 
l)apyrus did not become generally usefl 
among the Greeks until after the time of 
Alexander, when it was extensively ex- 
ported under the Ptolemies. 

The Chinese Labour from which the Paper- 
Works of the Western World have Sprung 

Alexander, tlien, gave the papyrus to 
Europe. In the course of his career of 
corKpiest he overthrew the ancient city of 
Maracanda, later to rise anew as Samarkand, 
which, ever since its capture by the Arabs 
in 712, has been a sacred city to Moslems. 
Now, while Alexander was .sighing for new 
worlds to conquer, there was a teeming civili- 
sation in China of which he knew nothing. 
The Chinese had progressed beyond the com- 
paratively rough-and-ready methods of the 
writers upon papyrus. They had from 
remote antiquity been making paper, true 
pai)er, of silk waste. We make silk to-day 
from a paper base, inverting the old Chinese 
process. When, in the eighth century, 
the Arabs had become the great scholars 
of the world, the physicians, the poets, the 
scientists, they became involved in war 
with a Chinese army, and their chief joy 
was that tliey captured a number of Chinese 
artisans. Rome had sent to China for 
stolen eggs of the silkworm moth for the 
introduction of the silk-spinning industry 
into Europe ; the Arabs rejoiced that their 
governor brought back to Samarkand 
Chinese craftsmen who could make paper 
from fibre. Chinese labour provided the 
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first pa]>or factory over seen beyond the 
coniines of tlie ('elestial ICnipirc, and from 
that small establisliineiit set up in Samar- 
kand twelve centuries ago have sprung all 
the ])a])(*r- works of the Western world. 
The industry spread from city to city, to 
Bagdad, to Damascus, to Egypt, and to 
cities on the north coast of Africa. The 
Moors took the manufacture of paper with 
them into Spain. Spain had, in the latter 
half of the twelfth century, the first j)aper 
factory in Euroj)e. To-day she supjdies 
the w'orld with the greater part of the 
esparto grass used in the manufacture of 
pajier. She exi)orts the very substance 
that appears so urgently necessary for her 
intellectual regeneration. 

Although tlu^ wase men of China could 
undoubtedly make jiaper of vegetable 
fibres, the paper commonly used was of 
rags. But the conquest of the world by 
]iaper was not yet secured. With the 
decline of Arab ])o\ver, the industries which 
they had established declined in the lands 
over w'hich tlu^y had held sway, and it re- 
mained for Europeans slowly to revive and 
develop the industry which had come in 
the train of invasion. 

Tlie Paper on which Shakespeare's Plays 
were First Printed 

It was in 1455 that (bitcnbcrg entered 
into partnership w'ith tlu' man w^ho enabled 
him to set up his first printing-press. 
Within a few years the first paper-mill was 
opened in England. The origin of the 
English paper-making industry is commonly 
assigned to Dartford, but the first mill was 
(established at Stevenage or Hertford by 
John Tate, whose father was Lord Mayor of 
London in 147O. It was to this John Tate 
that Caxton referred in a book published 
m I4()0. Henry VHl. was one of Tate’s 
patrons, and visited his miU. The first 
])aper-making enterprise of size, however, 
was that of John Spielman, of Dartford, a 
native of (jermany, who sctth;d in England 
and enx'ted his mill in i5f)8. He w^as yueen 
Elizabeth’s jcw'i*ll(‘r, but it w^as as a pai)er- 
maker that he counted. He employed six 
hundred work})eople at his mills, w'hich were 
visitc'd, history tells us, by thousands of 
curious sightseers. It has been conji^ctured 
that the famous first folios of Shakespeare 
were made at this mill, but Mr. Clayton 
Beadle, after much ])ainstaking research, 
reaches the conclusion that, tliough the 
folios probably contained some of Spielman’s 
sheets, the bulk wove of German origin. 
Spielman was licensed in 1589 “ f(\r the 
gathering* of all maner of liimen. raggs, 
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scrolls, or scraps of p’chment, ])caso r,; 
lynu^s, and clippings of cards, and ouldc. 
fishinge nettt's, for the making of all or am. 
sort or sorts of white w righting j)aper, and 
forbidding all other p’sons for the makim; 
of paper, for the s])ace of ten»ycres next.’’ 
The spelling of the name, by the way, h\ 
given in the Dartford registers as “ S|)il. 
man.” Kent has not much water, but such 
as it has is of the right quality for ]iaper- 
making, and the iiuhistry became tirmU’ 
seated in the garden county, mills being set 
up, in course of time, in other districts. 

The First Machine for Making Paper in 
England 

The terms of Spielman’s licence indicate, 
the nature of the materials upon which he 
relied for the making of his ]^aper. His 
wares, like tho.se of all other makers down 
to the close of the eighteenth century, wen* 
entirely hand-made, ])roduced sheet bv 
sheet. The rags employed were beat i n 
into fibres by rough-and-ready mi'chanical 
appliances wliich were worked first by hand, 
and afterw^ards by wind and water powi'r. 
The process was so slow' that the output was 
necessarily restricted, with tin* result that 
the store of raw" material available quite 
sufficed to meet all dennands. But, intri- 
cate as is the w'ork of the paper-maker, it 
has not proved too complex for macliinery. 
The first machine for papiT-making was 
introduced into Englancl by Henry Four- 
drinit'r, a London-born man, son of one of 
the old school of hand paper-makiTS. He 
imjmwed upon an invention of a French 
clerk named Louis Kobc'rt, to wdiom cr(,‘dit 
for the first paper-making machine is due. 

Fourdrinier spent £60,000 in perfecting 
his machine, and brought himself to 
bankruptcy, his invention being shame- 
lessly pirated. His machine first o])eiicd 
the w"ay to the unlimited su])i)lies of ])apcr 
w hich the manufacturer can now' command. 

The Need for Finding n New Material from 
which Paper could be Made 

Fourdrinier’s first patent was taken out in 
1801, and from that time the dcvclopmiMit 
and improvement of paper-making bv 
machinery has gone steadily forward, until 
to-day the machine which ]^roduces paper 
is one of the mechanical marvels ol 
the age. 

So far, rags had been obtainable in 
sufficient quantity to satisfy the paper- 
maker’s needs, but with the removal of tb* 
stamp duty fnun newspapers, and tin* 
abolition of the tax upon paper in 183 3 
and 1862 respectively, the demand for pap‘ J 
assumed proportions such as to outrun 
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the supply. Having got his machine and his 
market, the manufacturer was compelled 
to cast round for an entirely new source of 
suj^ply of raw material. He had to find 
a substitute for the ready-made fibre of the 
rags of linen and cotton and other sub- 
stances which he had been in the habit of 
employing. The silkworm converts the 
leaf of the mulberry into a viscous substance 
which, on reaching the air, can be spun into 
silk ; the paper manufacturer had to find 
a vegetable substance which he could 
res()lv(^ into its constituent fibres and turn 
into books and newspapers. 

The Wasp that has Held the Paper-maker's 
Secret for Ages and Ages 

Probably he did not go to the wasp 
for guidance, but it was there that the 
secret lay. The wasp has bixm from the 
beginning of insect history masticating 
woody and other vegi'tablc fibres and 
jiroducing ])api*r fnau them. And that 
is what the modern ]>aper-making plant 
do(‘s. It is a colossal mechanical wasj), 
which masticates wood and grasses and the 
straws of cereals, and binds their fibre 
into miles u[)on mih's of i)aper. 

Ks|)arto, or alfa grass, was the first vege- 
table substance with which commercial suc- 
cess was gained, and an extiaisivc trade 
sjirang up in paper made from this substance, 
and Southern Spain, and jiarts of Northern 
Afri('a, wi'n*. exjiloited for the grass which 
had siuklenly become an asset. But soon 
demand outgrew suj^ply, as in the case 
of rags. Whereas tiie rag-gatherer had 
formerly kept the paper market going, now, 
with the sjiread of education, rags, plus 
eiiornions suppli(‘s of esjiarto, failed to 
satisfy the needs of the iiajx'r-mills. Hag 
returns about half its weight in jiaper ; 
esparto yields about one-sixth of its weight. 
So other supplies had to be found. 

The Search All the World Over for Materials 
that will Make Paper 

The world has been ransacked for 
vegt'table growths. In scori's of city 
inerchaiits’ offices one may si'e little bundles 
of dried vegidable fibre, nuinbered and 
described. The traveller in tlie distant 
wilds sends these home, with a memorandum 
saying : “ The natives call this substance 
so-and-^o ; they use it for such and such 
a ]nir|X)se.” The merchant sveks the advice 
of llie botanists of Kew (hardens or of trade 
authorities : Will it make string or rope, or 
sacking or canvas? Best of all, will it make 
paper ? Experiments are constantly' in 
])rogrcss hi chemical laboratories through- 
out Europe and America with a view to 
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discovering new supplies from the growths 
sent from afar. Edison sent men on :i 
world- wide tour to gather materials out oi 
which to fashion filaments for his incan 
descent lamp, but the paper-maker has men 
constantly out and about the world. 

He gathers flax from Russia, Turkey, 
Italy, Egypt, France, Belgium, and Irelanil. 
He takes the hemp of Russia, Italy, Turkey 
and Hungary and New Zealand, and tlu- 
best that India can grow. He uses cotton 
from the United States, Egypt, and India ; 
jute from India ; straw from Holland, 
Germany, and other countries ; esjiarto 
from Spain, Algeria, Tunis -and Tripoli. 
These are the principal sources of fixed 
supply. But they do not suffice. Tlio 
chemist has to be summoned t(^ analyse 
unconsidered potentialities. And in the end 
he reports favourably on the straw of flax, 
on banana skins, bamboo, the dried stalk 
of the sugar-cane, on peal, on the waste 
hulls of cotton seed. The i)a])er'maker 
goes back to Nature for inspiration. in 
her laboratory there is no such thing ;is 
waste, and he finds in waste products raw 
material for his trade, yielding great^ti 
treasure even than is hidden in all the tons 
of refuse containing radium, wliich were 
scattered on tlu* dum])-heaps of London in 
days when radium was unknown. 

The Basis of a Library which is Formed 
in a Forest 

But, so far, we have said nothing of the 
pulp of wood. That, to-day, is tlu^ gn'at 
stand-by of the pa]>er-maker. The giant 
of the forest, subdued by machiiKMy. 
iH'comes a pulpy mass which the great 
mechanical wasp bleaches and beats and 
hardens and smooths and glazes until 
it issues from the machine in tin; form ol 
])aper, indistinguishable by any but an 
expert from paper that is made from 
cotton and linen rags. 

At first sight it might ])erha])s a])pear 
that, with the forests of the world from 
which to cut, the paper-maker would havr 
sure supplies for all time. That, how(;vei. 
is far from the fact. Only certain trees an‘ 
of service for paper, and resources Iuim* 
to be carefully husbanded. For a number 
of years, the destruction of trees for pul]), 
among other purposes, has been .so serious 
that the world has been brought within 
sight of a paper famine. So now the pai)er 
manufacturer, who was already an expen 
chemist and mechanical inventor, hn- 
turned forester. Instead of stripping fore-i 
land bare of trees, he cultivates his fores^ 
He cuts down trees, but he plants other . 



GREEN GRASS THAT BECOMES WHITE PAPER 



PUTTING THE GKASS INTO THE BOILER FOR PURIFICATION BICFORl-: MAKING TT INTO PAPKR 
I-ickinj^ an adiKiuate supply of raRS, Ihc pafMT-inaker had to sci.k siihstiliiU s, and Ihe best he found 
uas esparto ;5rass, a product of Spain and North Africa. Here the j;rass is being made into paper. 
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THE PULP STARTS OX ITS JOURXEY THROUGH THE MILLS 



Pulp, broken paper, and water are mixed in the breaker. Knives mounted on a heavy roller cut the pulp as it revol\ies, reducing it to fibres. In the breaker is 
a revolving drum covered with wire gauze provided with syphons, which drain out tljp dirty water and other impurities. 
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So that while he is thinning out his thousands 
of acres of tree-covered land, new growths 
are springing up in his footsteps. The 
paper forest of to-day, in the hands of the 
scientific paper-maker, is as carefully con- 
served as the rubber plantations called into 
being by the skill and care of man. 

Having now examined the sources of the 
paper-maker’s raw material, we may glance 
briefly, without penetrating into technical 
details, at the j)rocesses which convert that 
raw material into the finished article. 

The Raw Material in its Early Stages at 
the Mill 

^ychave three groups of substances — ^rags, 
wood-pulp, and grasses and other fibres. 
The rags, upon arriving at the mill, are freed 
from dirt, from buttons and all hard 
substances, and, to obtain the best results, 
ci^t by hand into strips about four inches 
square. As this is the more costly method, 
the cutting is generally done by machinery. 
The rags are sorted into various grades, next 
beaten and whirled in a revolving duster,” 
then boiled under pressure in revolving 
cylinders in a chemical solution which 
removes all colouring matter and renders 
the fibres flexible. The solvent used is, as a 
rule, caustic soda, which, by an ingenious 
process, is afterwards recovered from the 
water. Considerable care is required with 
the rags in this stage, as the strength of the 
alkaline solution in which they arc immersed 
needs frequent modification. 

The initial cleansing of the reigs leads to 
the bleaching. This may be carried out by 
j)lacing the rags for from eighteen to twenty- 
four hours in tanks of bleaching solution, 
after which they arc lifted out, drained, and 
jiassed on to the breaking engine. But 
there are several methods, and this one, if 
sure, is slow and rather costly. 

The Process by which Rags and Grass are 
Beaten and Made into Paper 

All materials for paper-making need bleach- 
ing, and a modern installation includes a 
considerable bleaching plant — a series of 
towers, to each of which the substance 
passes in turn by mechanical action, to be 
compressed, bleached, washed, beaten into 
fibres, and turneil out, ready for the machine, 
in quantities sufficient to yield sixty tons of 
paper a week. For’ present purposes we 
assume* them to have been w-ashed and 
bleached by the first process. 

Following this j^rej^aration they are re- 
moved to a vessel called the "'breaker.” 
This is a vat, whose mechanism includes an 
iron roller fitted with knives, which* pulp 
the rags into fibres. In this breaker the 
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rags are caused to circulate for some hours. 
Clean water is from time to time introduced 
and the foul liquid withdrawn, so that the 
last vestiges of dirt disappear with the soda 
in which the first process had been accom- 
jflished. If bleaching is to be carried out in 
the breaker, the jxjwdcr is introduced at this 
stage, and the “ stuff,” as it is now called, 
passes to the refiner, a modern machine in 
which a further clarifying is effected. Thcnci^ 
it is forced through pipes to the paper- 
making machine proper. 

The treatment of esparto grass differs in 
its first stages from that to which rags are 
submitted. The end to be achieved is to 
resolve the grass into its fibres, free from 
all intercellular matter. It is placed in a 
peculiar type of boiler, where it rests upon a 
perforated false bottom. Through this the 
boiling li(pior drains, to rise at the sides and 
be j)umped as a spray upon the. grass, l^y 
this means a constant circulation of moisture 
is maintained. The grass passes to the 
‘‘ potcher,” which is similar in action to 
the " breaker,” and here the esparto is broken 
into fibres of approximately even length. 
The grass is afterwards bleached and refimid. 
and is in turn ready for the machine. 

Two Kinds of Wood Pulp from which 
Paper is Made 

The preparation of ” stuff ” from rags and 
esparto is carried on in British mills, but tht‘ 
wood pulp industry is confined to Norway 
and the New World, in which Newfound- 
land, our oldest colony, is the newi'st 
claimant to fame. Wood pulp is of two 
kinds — mechanical and chemical. Mechani- 
cal pul}), which is for the chea})est ])a})ers, 
consists simply of the trunks of trees ground 
to pulp, and 'containing all the substances 
of the original wood — the resin, gums, 
encrusting and intercellular matter. Chemi- 
cal pulp consists of the fibre of the wood 
from which all foreign substances have, 
been removed by chemical action. The 
first yields a cheaper but weaker })apcr than 
the second, and of course is not so enduring 
a fabric. Spnicc, Scotch fir, as})en, an<i 
poplar are the trees to which the manu- 
facturer chiefly has recourse. The trunks 
are cut into short logs, stripped of bark and 
knots, ground by machinery to chips, and 
then treated, cither by a cheap and expe- 
ditious iTtcthod, or by the more costly chemi- 
cal process. After the methanical })ulp has 
been ground and boiled ,and beaten am I 
bleached it comes outjn thick strips resem- 
bling the “ stuff ” of chea]) cardboard. The 
chemical is a more presentable produc t 
to the paper-maker’s* eye, though tin 
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difference in texture might not be specially 
obvious to the uninitiated observer. 

Arrived at the mill, the pulp begins its 
career of transformation in the breaker. 
Here it is churned and beaten until it pre- 
sents the appearance of an enormous 
cauldron of thick porridge. While it is in 
this stage, dye is added, if the paper is to 
l)e coloured. It follows the course of the 
rag-pulp — ^to the refiner^.' and, like that sub- 
stance, is now ready for the machine, to 
which it is forced by way of a stout iron pipe. 

-'The M»ehine in which a Rttnaing Stream 
Becomes a Roll of Paper 

Properly mixed, the stuff leaves the 
breaker composed of five per cent, of fibre 
and ninety-five per cent, of water. It is 
to the eye at this stage merely a cloudy 
fluid ; it leaves the machine at the opposite 
end as part of a roll of paper five miles 
long, wound upon a huge reel ! 

The machine by which the seeming 
miracle is wrought is one of the largest and 
most complex of all machines. That 
shown on page 598 is some 200 feet long. 
IJ works day and night, automatically 
feeding itself with pulp, and converting it 
into paper 142 inches wide, and’ at the 
rate of 500 feet an hour, twenty-four 
hours a day, with only a skilled man or 
two to look on. 

Once the machine is started, the men at- 
tending it do nothing but wait lest an un- 
toward something should turn up needing 
attention. The first time that the material 
is touched by hands after being thrown 
into the beaters is when men take it away 
on running pulleys in the form of completed 
rolls of paper, ready to be cut into narrower 
widths for the use of the insatiable presses 
ill London and elsewhere. 

The Moving Tnble of Wire which Carries a 
Stream of Flowing Paper 

To describe this complicated process in 
detail would be beyond our province here, 
but one or two outstanding features of the 
progress from fluid to solid paper may be 
noted. Between the breaker and the 
i^chine comes the refiner, and a stuff-chest 
ii also provided, serving, in the modern 
machine, only as a reserve supply in order 
that the machine may not be kept waiting 
should the refiner go amiss. From this 
point the stuff is forced to a mixing chest,, 
where the proportions are modified to 
from half to one per cent, fibre and the 
rest water. 

Should the refiners fail, the stuff-chests 
are the starting point of the mixture, but 
normally this comes direct from the refiners, 
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In these the final purification has been 
undergone, though a straining process follows 
for the elimination of lumpy matter. 

From here the stuff passes to what 
is known as the breast-box of the machine, 
from which it overflows on to a wide stretch 
of endless wire netting of very fine mesh, 
upon which it is carried at rates varying 
from 40 feet to 500 feet per minute, according 
to requirements. This moving table of 
wire cloth is cunningly contrived to impart 
a rocking motion, in imitation of the shake 
given manually in hand-made paper. But 
the force is graduated so that while the 
wire cloth is rather violently oscillated at 
the point nearest the wet end of the machine, 
the vibration dies away in the mechanism 
nearest the dry end of the machine. 

The purpose of the oscillations is to make 
the fibres settle down and knit together. 
A large quantity of water passes from the 
stuff through the meshes of the wire cloth, 
to be collected in trays below and carried 
away by force pumps to a filter in which all 
vestiges of pulp are removed, leaving the 
water ready for further use. 

The Finishing of the Mnehtne-mnde Paper 
and the Making of Paper by Hand 

At the end of the w'irc cloth what may be 
described as fluid paper appears. The 
stream along the wire cloth thickens and 
becomes more and more opaque. It passes 
now over a series of suction boxes, each of 
which in turn extracts a (piantity of moisture 
from the moving stream of coagulating 
fibres. In the case of ]>aper which is to be 
water-marked,' the operation is performed 
at this stage, a revolving cylinder bearing a 
design in wire making imi)ressions upon the 
soft moist paper, much after the fashion of 
the stereo tyi)c plates upon the cylinders of 
a printing machine. But here, instead of 
making a surface impression, the water- 
mark is pressed into the fabric itself. After 
])assing the suction boxes the paper — for 
such in the rough it has now become — is 
conducted between a series of rollers 
covered with thick felt, which squeezes 
moisture from both faces in turn. 

Next the paper is led round a complicated 
series of revolving cylinders which are 
heated with steam. These complete the 
drying process, and there remains only the 
“ calendering," the passing of the paper 
between successive pairs of cylinders which 
impart an ink-resisting surface. There is 
needed then only the cutting of the paper 
into widths required by the printer. 

In spite of the manifold wonders of the 
machine, hand-made paper is still the 

609 




FI.OWINC; WATKK BKARING THK FIRRKS THAT KNIT T()(;iiTHKR AND MAKE PAPER 
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THE POINT AT WHICH THE FIBRES MAKE THEIR "LEAP** TO THE DRYING APPARATUS AS PAPER 
After flow.ing in solution over the endless wire cloth, the fibres, losing moisture, make a leap, and 
suddenly* form a sheet of damp paper, to be led round a maze of cylinders for pressing and drying. 
6x0 




THE PAPER COMES OFF THE MACHINE IN A REEL FIVE MILES LONG 


J'he “ Stuff,’* now become paper, has passed from the beater, right along the niacliiiie, without once 
^ing touched by hand, and it is sent away by a travelling crane to be cut into the reciuisite widths. 

Oil 
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best, just as a hand-sewn boot is better 
than the product of the machine. The 
initial treatment of the rags — of which 
hand-made paper is exclusively formed 
— is the same as for machine pulp, up to 
the point at which the breaking and 
refining arc completed. There the worker 
takes the fibres in hand, and, in place of 
the endless band of wire cloth, uses a hand 
frame of similar texture, which he can jerk 
and twist in such a manner as to make the 
fibres felt more satisfactorily than is pos- 
sible by the automatic oscillations ]:)cr- 
formed by the machine. While the pulp 
is on the wire cloth, the water-mark is 
impressed by a pattern in the wire slightly 
raised above the level of the rest ot the 
surface. The juilp is transferred, after the 
necessary shaking eind draining, to a sheet 


for electric wares. In its last mentioned 
form paper plays a highly important part in 
making commercially possible the laying 
underground of the telegraph wires of the 
country. Cheaper than gutta-percha, whicli 
it supplants, it is so thin that a great 
number of wires can be perfectly insulated 
by paper in very small space. How stronjy 
the thinnest of papers can be made i^ 
shown by the remarkable tenacity of the 
banknote, and we have houses of paper, 
boats of paper, paper bottles, paper dinner- 
services, “straw'' hats of the -same sub- 
stance ; matches, artificial bricks for paving, 
])iping for gas, cart-wheels, horseshoes, 
bicycle frames, gem-polishers, and half tin 
requirements of the Japanese household, 
from window- frames to artificial leathei 
and handkerchiefs — all of paper. 
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of felt, and with other sheets is pressed and 
dried, sized and calendered, ready for use. 

It will be noticiRl that in surveying the 
machine at w'ork we have taken account of 
only the chea|)er form of ])a])er, such as is 
used for newspapers. For j^aj^ers requiring 
more “ boily arui a better surface, china 
clay and other substances are introduced 
into the stuff, and the pa])er undergoes a 
more extended calendering to give firmness 
combined with gloss. 

But, enormous as arb the demands upon 
the papet-makcr for newspaper purpo.scs, the 
industry embraces many makes of paper 
which never come in contact with a printing 
machirrt;. The uses of pcipei arc almost 
limitless. It can be made into a remark- 
ably good imitation- silk, into ^^arn, into 
sacking of an excellent type, into imper- 
meable “ canvas," into a perfect insulator 
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These startling applications of the paper- 
maker’s art arc of modern develo})ment, 
and the talc of the jxissibilitics open to him 
is by no means exhausted. He has an 
unlimited market, but he has not an in- 
exhaustible supply of raw material upon 
wdiich to draw. A fire may ruin his forest, 
a drought may bring his mills to a standstill, 
imprudence may unduly impoverish his 
resources. The threat of a famine in 
pulp has made the paper-maker jcalousl\ 
treasure the forests upon which he has 
to depend.' He cuts down, but he plants 
again. He thins out his fotest and plant- 
new trees in the place of old, so that “ onc» 
a forest alw^ays a forest " has become hi- 
ideal in respect of the land whence his pulp 
is drawn. There has long been a cry fi t 
scientific forestry, and the exigencies 
the paper trade have brought it into bcint:. 


THE PAPER AS IT GOES ROUND THE WORLD 



PUTTING A GLAZE ON THE FINISHED PAPER BY PASSING IT BETWEEN MANY ROLLERS 

?^or high-class paper on. which photographic reproductions appear, a process known as super-calender 
jng is necessary, and this picture shows the process. It is an elaboration of the calendering done 
by the paper-making machine, but involves the use of special materials in the make of the paper. 
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the world. Of anthracite alone the Penn- 
sylvanian mines are now equal to producing 
a hundred million tons a year in addition 
to a further hundred million tons of bitu- 
minous coal. Thus one single State of the 
Union approaches in output the entire 
production of either the United Kingdom 
or the (ierman Empire, a fact which speaks 
volumes for the economic advantages which 
the United States of America naturally 
enjoys. 

Illinois comes next in importance, her 
mines, as at present developed, being 
capable of producing over fifty million tons 
a year. From Illinois coal is transported 
to Chicago as well as to St. Louis and other 
inland cities. West Virginia is third, having 
coal so easily got that the price at the pit's 
mouth is but a few shillings a ton. Much 
Virginian coal is sent eastward, and a large 
part of it goes to market via the Ohio 
River. Fourth in order comes the State of 
Ohio, which is only less rich than Virginia. 

These four states, Pennsylvania, Illinois, 
West Virginia, and Ohio, produce more 
than three-fourths of tlie entire United 
States output of coal, but if the mineral 
wealth of the remaining twenty-three coal 
states is small relatively, it is great actually. 

The UAited States and its Wealth of Coal 
Beyond the Dreams of Avariee 

Alabama j^roduces as much coal as all 
Canada ; Indiana as much as all Australia ; 
Kentucky and Kansas together as much as 
India ; Wyoming and Missouri together a 
much as all South Africa ; wliile the 
remaining slates have j)roductions which 
several coal-less Euro])ean nations would 
rejoice to ]H)ssess. To recite the bare 
statistics of the United States (Geological 
Survey, setting out the area of the Ameri- 
can coalfields, is to the economist to picture 
“ wealth beyond the dreams of avarice." 


TPIE COALFIEI.US OF THE UNITED STATES 


Area and Nature of Coal 

Square miles 

ANTHRACITE COAL 

BITUMINOUS COAL 

500 

Triassic Field 

1,070 

Appalachian Field 

70,807 

Northern Field 

11,300 

Central Field 

58,000 

Western *F'ield 

94,076 

Rocky Mountains 

100,110 

Pacific Coast 

1,050 

GRAND TOTAL OF SQUARE MILES . . 

336.913 


Thus, the United States coalfields have a 
total area — exclusive of the Alaskan mines — 
of nearly, three times the entire area of 
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the whole United Kingdom. Pennsylvania 
alone has a coal area as great as that of all 
the British coalfields. But this comparison, 
striking and significant as it is, gives no 
idea of the superiority of the United States* 
coal resources. Far-seeing men long ago 
pointed out to the world the inevitable con- 
sequence of the possession of such power. 
Consider the Pittsburg coal seam. It con- 
sists of a great sheet of coal about six feet 
thick, fifty miles long, and fifty miles wide. 

TeA Thootand Millioa Toai of Coal in One 
Beam Near the Surface 

After sixty years’ depletion it is estimated 
to contain ten thousand million tons of 
commercial coal. Still one of the most 
important considerations is left to state. It 
is that this wonderful seam of coal is near 
the surface, and therefore easily and cheaply 
worked. At few points is it necessary to 
sink shafts. Most of the bituminous coal 
mines of Pennsylvania are quarried rather 
than mined. 

So that the United States has not merely 
a great coal area, but a rich coal area ; and 
not merely a rich coal area, but a coal area 
the most available, and therefore yieldiflg 
the cheapest coal in the world. Given such 
natural wealth, even a dull people might 
become a rich ])eople ; and no one has 
accused the extraordinary medley of enter- 
prising persons of all races which inhabits 
the United States of either dulness or 
incapacity. 

The German Emj)ire, the third in the 
great triumvirate of Coal Powers, is also 
exceedingly, rich in fuel, but her resources 
approach more nearly to those of Britain 
than to those of the United States. The coal 
wealth of (jcnnany was neither understood 
nor developed until recent years. So true is 
tJiis, that while well-informed writers, 
basing themselves upon known facts, two 
generations ago predicted a brilliant future 
for American trade, the latent powers of 
what is now the German Empire were 
hardly suspected, and even denied. 

A German Coalfield Covering Over a 
Thousand Square Miles 

Thus we find even Jevons, the first 
economist who understood the coal question, 
writing in 1865 that “ Prussia ... is in- 
capable of taking any considerable share of 
the trade of the world.” J evons did not know 
that Germany possessed in the districts of 
Upper Silesia, the Ruhr, and the Saar some 
of the most important coalfields of the world. 

The chief German coalfield is that of the 
Ruhr, or of the Lower Rhine and West- 
phalia. The coal area here is' over one 
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thousand square miles in extent. The num- 
ber of seams is large, and there are more 
than sixty together representing a sheet 
of coal fifty to sixty yards thick. This field 
alone is estimated to contain 45,000 million 
tons. Even more wonderful are the Saar- 
])rucken coal-beds in the Rhine Province, 
where there are more than two hundred 
seams one above another, the coal of which, 
if placed together without the intervening 
\shales and sandstones, would be nearly four 
liundred feet thick. Many of these seams, 
however, cannot be worked profitably. The 
other German coalfields are also of great 
importance, if not so rich as that of West- 
phalia. 

In addition to coal proper, Germany is 
also rich in lignite, or brown coal, which is 
found in Silesia, Saxony, Posen, Brunswick, 
Thuringia, and Hesse. It is only in the last 
twenty years that German lignite has been 
worked on an extensive scale. Lignite has 
not the heating power of coal, and it was 
only when German enterprise and science 
discovered how to make the lignite into 
byquettcs, so that it could be economically 
transported, that it came into extensive 
industrial use. Three tons of manufactured 
lignite are equal to about two tons of coal, 
and even the briquette process would not 
make the material economical but for the 
fact that the (k'rman lignite seams are so 
exceedingly rich and so easily worked. 
Around ('ologne, for example, the lignite 
lies in a scam varying from sixty to three 
hundred feet thick, with only some thirty to 
forty-five feet of matter above it. The 
lignite can thus be quarried cheaply, and 
the lignite briquettes sold at so low a price 
as to make it a competitor of coal in spite 
of its inferior caloric power. 

Estimates of Germany’s coal at available 
depths vary greatly, and range up to as 
much as* four hundred thousand million 
tons, which is, of course, very much more 


than the highest estimate for the United 
Kingdom. There seems little doubt that 
the German coal resources are superior in 
quantity, if not in situation, to those of the 
United Kingdom. The peculiarity of the 
British coalfields is that they have been 
placed by Nature so close to tide- water. 
Germany, whose coal lies so much more 
inland, is not able to compete with the 
United Kingdom on level terms as an 
exporter of coal for maritime purposes, 
although she has seriously entered the 
export market in this respect. 

It is difficult to make a precise comparison 
of the three Powers in respect of their coal 
supply, but in 1904 Simmcrsbach made 
the following estimate. 

COAL OF THE THREE CHIEF NATIONS 

United Slates .. .. 08 1,000, 000. 000 tons 

German Empire .. 415,300,000,000 tons 

United Kingdom . . 193,000,000,000 tons 

Simmersbacli here used for the United 
Kingdom the estimate of the 1871 Royal 
Commission on Coal, but it should be 
observed that the last Royal Commission 
on the ('oal Sup[)lies (1905) estimated the 
United Kingtlom coal resources at a total 
of 145,600 million tons, only 101,000 million 
of these being in proved fields under 4,000 
feet deep. It may be that the German 
figures are also estimated liberally in the 
above table, but there is little doubt as to 
the larger content of the German fields. 
There is no doubt at all that the United 
States of America has much greater and 
richer pow'cr supplies than Britain and 
Germany j)ut together, as the table at the 
foot of this l)age clearly shows. 

When we come to coal production, as dis- 
tinguished from coal possession, the element 
of uncertainty disappears. We know that 
until recently the latent power supplies of 
Germany and America have been developed . 
so rapidly that the coal ])roduction of 
the United Kingdom has been altogether 


THE WORLD’S COAL OUTPUT AND THE SHAKE IMtODUCED liY EACH OF THE 

THREE CHIEF COAL NATIONS 



1900 

1 1907 

1 1909 

COUNTRY 

Tons 

PcrcenliiKe 
of Total 

Tons 

PcrcenlaRc 
of Total 

Tons 

The tlKiir«>ii are tint 
<|itite coiiipleiH 

I'ercenta^e 
of Total 

United States . . 

United Kingdom 

German Empire.. 

241.000. 000 

225.000. 000 

147.000. 000 

319 

29-8 

19*5 

429.000. 000 

268.000. 000 

202.000. 000 

39*2 

24*5 

18-4 

390.000. 600 

264.000. 000 

214.000. 000 

36*8 

24*8 

20*2 

TOTAL OF THREE NATIONS 

613,000,000 

8i-2 

899,000,000 

82*1 

868,000,000 

8i*8 

Rest of the World, including 
British Possessions . . 

141,000,000 

l8-8 

196,000,000 

17*9 

193.000,000 

i8*2 

TOTAL FOR ALL THE WORLD 

754,000,000 

100*0 

1,095,000,000 

100*0 

1,061,000,000 

I 100*0 
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outdistanced by that of the United States, 
and aj)i>roached by that of Germany. 

We are now in a position to appreciate 
the governing factors of the industry and 
trade of the world. In the table on page 617 
we give a simple statement of the world’s 
coal output, distinguishing the contribu- 
tions (d the United States, the United 
Kingdom, and the German Empire. The 
latest year for which complete ligiires are 
available is IQ09. Those of 1910 will be 
greater than those of 1909, and more nearly 
resemble those of 1907, which was a year of 
exceedingly good trade in all parts of the 
world. The table also shows the coal 
production in 1900 in order to illustrate 
what we have before referred to— the un- 
precedented rapidity of the development 
of trade in recent years. 

The Three Nations which Produce Eight out 

of every Ten Tons of Coal in the World 

It \Vill be seen that in each of Ihe years 
reviewed, i<)oo and 1907 being boom trade 
years, and 1909 a year of gootl trade, the 
three IcadhVf^ commercial nations produced 
over ei^ht out of every ten ions of coal produced 
by all the world. It is an astonisliing and a 
dominating fact. We see that all tlic rest of 
the world — all Europe except Britain and 
Germany, all Asia, the whole of the Ameii- 
can continent except the United States, 
all Africa, and all Australasia produced 
in 1909 only 19,^, 000, 000 tons of coal, or 
less than onc-half the production of a single 
country, the United Statens, At the ]ux‘sent 
time the United States is ])roducing about 
forty ])er cent, of the whole world’s coal 
output, the United Kingdom is jn'oducing 
rather less than one-fourth, and the Cierman 
Em]>ire is pnjilucing about one-lifth. 

Since 1900 the yearly output of the world 
has increased by over 300 million tons, but 
about 250 million tons of this increase is the 
share of the three leaders. In view of this 
overw’uclming superiority in the ])ower 
without which modern machines cannot 
be run economically, the supremacy t)f 
Britain, America, and Germany in industry 
and commerce is seen to be practically 
inevitable, given the habitation of the 
three countries by white men. 

The Differences in the * Price of Coni nt 
the Pit's Mouth 

One very important comi)arison remains 
to be made in this connection. We have 
seen how important it is, lu:* merely to 
have coal, but to have coal which can be 
mined cheaply. Let us sec what has 
happened in regard to the cost of getting 
coal in the three great power countries. 
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The following arc the latest figures showing 
the cost of coal at the pit's mouth. 

PRICE OF A TON OF COAL AT THE PH 


Year 

United 

United 

States 

German 

'Empire 



s. d. 

7 2 

s. d. 

5 II 

s. d. 

S 0 

i‘X >5 

6 II 

5 8 

8 8 

190O 

7 3 

5 0 

8 II 

1007 

9 0 

5 II 

9 9 

1908 

8 iz 

6 0 

10 3 


The comparison is very much in favour 
of the United States, as would be' expected 
from our investigation of American coal 
resources. In recent years, while the cost 
of getting British and German coal has 
considerably increased, the cost of getting 
the more easily won American coal has been 
almost stationary. In 1908 I^ritish coal 
was nearly 3s. ])er ton, and (ierman coal 
over 4s. ])er ton, dearer at the pit’s mouth 
than American coal. 

Moreover, a large part of the American 
output is anthracite, which is much dearer 
than bituminous coal. The cost of 
American bituminous coal at the pifs 
mouth is only about 4s. Od. per ton, or 
about one-half the British and (ierman 
figure. That is to say, Britain and Germany 
have a big handicap in the cost of getting 
indispensable power. 

The Resources of the Three Greut Nations 
in Minerals and Metals 

If tlui figuris were taken back to an earlier 
3^ear, the contrast would l)e even more 
striking. Thirty years ago the three nations 
got their coal each at about the same cost. 
In thirty years the. cost of getting United 
States coal has actually fallen, while the 
cost of getting 1 British and Cierman coal 
has greatly increased. 

In mineral resources other than coal 
there is also a marked disparity^ in the 
3K)sition of the three coal ix)wers. The 
]K)vcrty of the United Kingdom in respect 
of the metals has been already shown. In 
the table on i^age 620 we contrast it with 
the greater mineral resources of Germany, 
and with the enormously greater mineral 
resources of the United States. 

Even more than in regard to coal, America 
leads the world in general mineral and metal 
resources. The figures are their own best 
commentary. It is impossible to exag- 
gerate the economic advantages possessed 
by America and expressed in these eloquent 
statistics. It is not enough that she has 
in coal an infallible means of securing other 
material even if she did not possess them* 



THE THREE GREAT COAL NATIONS 



THE COAL OUTPUT OF THE THREE GREATEST TRADING NATIONS COMPARED WITH THEIR TERRITORY 

A year’s output of coal in the United King:doni is 264 million tons, in the United States 390 million 
tons, and in Germany 214 million tons. Each truck in these drawings represent 20 million tons, 

and the coal areas are shown dark. 
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She has williin her own borders the world’s 
best suj)])lies of iron, of co])])er, of lead, and 
of that essence of coal, ])etr()leiini. The 
United States produces from her own native 
ores over torty ju'r cent, of tlu^ workl’s iron 
output. American copper is fifty percent, 
of the world’s outjmt. American zinc is one- 
fourth, American lead nearly one-third, 
American gold nearly one-fourth, and Ameri- 
can silver over one-fourth of the world's oTit- 
])ut. American petndeum actually amounts 
totwo-thinls of the world’s out]mt, a fact 
which will become of more than industrial 
importance if, Jis is probable, Uk! ships and 
warships f)f tlu^ future are most economi- 
cally aiul advantageously run with oil fuel. 
Germany, while ranking far below the United 


States in metal resources, is seen to take 
high rank in respect of iron, zinc, aiui 
lead. In tl:is connection it may be re- 
marked tliat it was the Knglish invention 
of the commercial manufacture of iron 
from j)hos|)horic ores which enabled (icr- 
many to make effective use of her great 
native sn])i)ly of that mineral. The tabU 
at the h>ot of this i>age gives the latest 
figures available. 

Turning from coal and iron to field and 
forest, from the clamour and bustle of tin 
industrial centre to the peace and quietiuU 
of agricultural pursuits, we find that tlu 
world’s trade lead('rs continue to j)resent a 
remarkable contrast in point of their re 
sources. Tlu? United Kingdom has I20,()0(; 


MINERAL ANJ) METAL RESOURCES OF BRITAIN, AMERICA, AND GERMANY IN VM 
The output of luincials ami metals coiitainod in tu oblaim'tl from ores raised in the countries name<l 


minkkai. ok mktal 

I’MI'KIJ KINC.DoM 

l.'NITKIJ STATKS 

CI'KMAN KMriKK 

Al.l. THii WOKI.IJ 

Coal — AvrWr. 'I'ons 

2(»4, 000,000 

390,«)00,000 ' 

21-1 ,000,000 

1, 061, 000,00' 

Iron — Metric Tons 

4,900,000 

20,2OO,t>OO 

7,100,000 

50,000,001 

C'oppcr — Metric Tons . . 

500 

490, 000 

25,000 

893,001 

Zinc — Metric Tons 

4,000 

209,000 

230,000 

856,001 

I^ead — Metric I'ons . . 

2 3.000 

321,000 

89,000 

1, 050,0* )' 

Tin — Metric Tons 


10 

20 

117,00' 

Gold— Kilos 

30, 

150,000 

100 

686, o«i' 

Silver —Kilos . . 

4,400 

1,700,000 

166,000 

6.340,00 

Petroleum — Gallons . . 

— 

0,323,000,000 

36,000,000 

9 * 975 , 000 , 00 . 

Salt — ^Met^c Tons 

1,900,000 

3,800,000 

2,000,000 

17,200.001 
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mineral products of the three nations 
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IKE MINERAL PRODUCTS OF THE WORLD, AND THE SHARE OF THE TllRJiE LEA DIN(> NATIONS 
Lithecasc of gold the contrast appears -less striking than it really is owing to the ftict that the output ..f ^*"‘1 United 

Kingdom is so minute that it is here shown by coins standing on end, representing respectively 30 and loo kilos. 
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square miles of area, and 45,000,000 people, 
or 375 persons to each square mile. The 
German Empire has 209,000 square miles 
of area, and 65,000,000 people, or 311 
persons to each square mile. The United 
States has 3,571,000 square miles of area, 
and 95,000,000 people, or only 26 persons 
to each square mile. 

It follows that the United Kingdom has 
to obtain by commerce a considerable pro- 
portion of her food supply — ^probably about 
one-half of such foods as can be grown in 
her climate, in addition to many foods 
which she cannot grow at all from oversea. 
The German Empire has increasingly to 
import food as her population rapidly 
grows, while the United States of America 
is, for all practical purposes, able to feed 
all her people, and for the present, at any 
rate, to furnish a considerable surplus of 
food for export. 

The United Kingdom wheatfields produce 
about 60,000,000 bushels of wheat per 
annum; in addition, we find it necessary 
to import about 240,000,000 bushels of 
wheat for our daily bread. 

The Home Growth of Food in Germany and 
the United States 

The German Empire is rapidly becoming 
more dependent on her foreign trade for 
food. Her population is increasing at the 
rate of about 800,000 per annum, and her 
imports of food have shown increase in 
recent years. Indeed, at the present time.’ 
Germany is importing food to the amount 
of ;£ioo,ooo,ooo sterling per annum, which is 
tlie more remarkable because considerable 
import duties are imposed in order to make 
(Germany as far as possible independent of 
foreign food. 

The tJnited States has been growing so 
rapidly in population that the world is no 
longer able to expect from her the large 
export of grain which America once put on 
the market. In the last thirty years the 
United States home consumption of wheat 
has doubled. At the same time W'hcat 
production has greatly increased, but not 
at so great a rate, and consequently exports 
are beginning to fall. Indeed, in 1904, 
with a large home consumption and a crop 
failure, the United States found herself 
with a ^margin of only about 40,000,000 
bushels left for export. Since then the 
margin has again risen, but uncertainty 
exists as to how long an export surplus will 
be available. We shall have occasion to 
consider this important point thoroughly 
when we come to examine the problem of 
the world’s fodd supplies. 
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The magnificent area and range of climate 
of the United States gives her in many other 
respects great economic advantages over 
her competitors. Britain and Germany 
alike have to look to the United States for 
their main supplies of cotton. So great is 
the American cotton monopoly that the 
American crop forms two-thirds of the 
world’s entire production. 

In her forests and fisheries the United 
States is equally fortunate, and if wanton 
exploitation has largely denuded her forest 
areas, America has awakened to' the neces- 
sity of conservation, and drastic steps are 
now being taken to assure future plenty 
for the American timber trade. 

Ameriea’a Neglect of her MagAifieent Sea- 

hoardft and Germany's Yearning for the Sea 

In one very im])ortant respect, however, 
the United States has largely failed to make 
use of her natural resources. She occupies 
a fine geographical position, fronting the 
two great oceans, and with her excellent 
harbours and the need to ship so many 
natural productions, it was to be expecj:ed 
that she would develop a magnificent 
mercantile marine. In practice she has not 
done this. Her shipping has been eclipsed, 
not only by the United Kingdom, but, as is 
even more remarkable, by that of Germany. 
The position of the German Empire in 
Central Europe gives her great advantages 
in European trade, which she takes full 
advantage of with her splendidly organ- 
ised national railway system. She is not 
naturally a sea power, however, for even in 
the North Sea she is shut off by Belgium and 
Holland from the sea, for which she so 
naturally and so strongly yearns. Yet, in 
spile of this maritime handicap, Germany 
owns a mercantile marine which, while it is 
small as compared with that of the United 
Kingdom, is great when contrasted with the 
shipping which carries the Stars and Stripes 
in ocean trade — a mere million tons. 

Germany's Creation of the Trade Facilities 
which Nature has l>enied Her 

It is impossible to believe, however, that 
the United States will be for ever content 
to neglect her mercantile marine. Possessing 
every advantage for shipping, from the 
materials of construction to well-situated 
ports, we may be well assured that the 
adequate development of American shipping 
is but a matter of time. The United States 
Government, by constructing the Panama 
Canal, is putting the final touch to Aiherica’s 
splendid geographical position and shipping 
facilities. When the canal is opened, in 1915 
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)r 1916. every part of the world will be easily 
iccessible from both her seaboards, and it 
vill be strange indeed if she does not make 
nil i^e of the great opportunity which will 
)c hers. Already, indeed, there is announced 
he formation of a great American steam- 
ship company to develop inter-oceanic 
:oiiimunication and commerce. 

Germany, in so many respects poorly 
avoured as compared with America, and in 
iome respects even as compared with the 
United Kingdom, has, by a marvellous 
:()ncentration upon essential matters, and 
)y a power of scientific organisation which 
is justly the admiration of the world, 
:reated artificially the facilities for trade 
A’hich Nature has denied her. The United 
Kingdom is a group of islands, with no part 
.>f its surface far from the sea or far from 
:oal. The German Empire has a great and 
mixjrtant industrial area largely removed 
fom access to sea-borne commerce. 

The Splendid Development of Canals and 
Railways in the German Empire 

With admirable skill Germany has worked 
:o ^bolish Nature's disabilities. She has 
mproved her great rivers, and added to 
hem a fine system of canals to cheapen 
:ransport. Simultaneously, her railways 
lavc been developed, not with a view to 
private interest or profit, but with sole 
egard for the furtherance of trade. Low 
ailway rates and simplicity of charges upon 
he great German railway system have 
lone much to atone for the fact that 
iermany has so little seaboard. Over her'' 
lational lines goods pour in all directions, 
:()nsigned to her neighbours in Europe, or 
to the Baltic and North Sea ports for 
ixport oversea. Transport is the life of 
:rade ; railways and canals are the land 
irteries of trade ; and well has Germany 
x^cn rewarded for the foresight and pru- 
lence which led her to attach national 
importance to the improvement and cheap- 
ening of means of transport. 

^ Nevertheless, while giving all credit to 
Germany for the courage, determination, 
md ability which she has applied to industry 
md commerce, she could not have risen to 
^er present high rank among trading 
utions if she had not possessed, in one of 
the few great available coal supplies of the 
^orld, a mainspring of work. 

It is under present conditions an almost 
imassailable position which is occupied by 
the three great industrial Staies we have 
t>een examining. It is a position unapproach- 
able because it is based upon forces with 
^bich man cannot at pre^nt contend. 


While the Coal Age lasts, the nations which 
possess coal will continue to enjoy a pre- 
ferential position. It is not too much to say 
that so enormous is the natural advantage 
which these nations possess that it far out- 
ranges any possible unwisdom or folly of an 
economic character likely to be committed 
by their statesmen. 

Indeed, the truth of this statement 
becomes readily apparent when we reflect 
that each of these three nations practises a 
very different economic policy, and yet each 
of them is triumphant in the world of trade. 

The Relative Sources of Natural PowSr 
i which Man can Never Alter 

Man may, of course, modify, and modify 
considerably in some respects, the economic 
results of the possession of power supplies, 
but he cannot altogether obliterate them. A 
Briton or a German, if he disquiets himself 
with regard to the much larger stores of 
power ])ossesscd by the United States, dis- 
quiets himself in vain. It is possible for a 
race of men, by taking thought, to add an 
Inch or two, if not a cubit, to its stature ; 
it is not possible for a nation to add a 
single ton of fuel to her mines. 

The duration of the Age of Coal is un- 
known to us, and therefore we cannot 
hazard a guess as to how long Britain, 
America, and Germany will continue to 
wield that Sceptre of iron which is wrought 
with Coal. There is already trembling along 
the far-reaching lines of scientific investiga- 
tion the ])ossibility of control of ])owcr in 
such measure as to render the burning of fuel 
a clumsy and obsolete method of driving 
machinery. If ever this j)ossibility is real- 
ised, it is ])robablc that the realisation will 
find Power more widely and mc^re evenly 
distributed about the globe. That would 
mean comparative loss to the three present 
trade leaders, but, it is important to 
ol3serve, no^ more . than that. It would, of 
course, meart* a( 5 fual gain to them, gain in 
such measure as to make the loss of a 
comparative supremacy a thing of trifling 
and negligible importance. 

If Aditm Smith were Writing his ** Wealth 
of Nations *' To-day 

In the meantime, coal is the chief deter- 
minant of wealth. Adam Smith wrote his 
“ Wealth of Nations " before the use of coal 
was fully realised, but if Adam Smith were 
alive to-day to write his great work again, 
he would place the consideration of coal at 
the beginning of his book, for it is chiefly 
coal which, in the modern world, makes the 
material wealth of nations. 
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THE SUBTLE POWER A WOMAN HAS 



THE BEAUTY OF THE QUEEN OF SHEBA, WHICH HELD CAPTIVE THE WISDOM OF SOLOMON 


* pictures are Troiu iho famous Tissot collection of Bible paintings, and are reproduced here by courtesy of M. OruiioA 
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THE MARRIAGE PROBLEM 

Shallow Thinkers and Foolish Books which 
Would Destroy the Base of Modern Society 

LIFE FROM THE CHILD’S POINT OF VIEW 


M odern society is developing into a 
very complex thing ; and the more 
complex it becomes, the clearer and 
liner our power of vision must grow, if 
we are to retain any control over the 
tremendous structure we are building up. 
We need some simple and yet large test of 
llie extraordinary variety of human achieve- 
ments. Looking back at the nineteenth 
century, for instance, we cannot rest in the 
view taken by one of the acutest minds in 
modern literature, Matthew Arnold, and 
expressed by him in these well-known lines : 
The epoch ends, the world is still. 

The age has talked and worked its fdl — 
The fainoiis orators have slione, 

'I'he famous j^oets have* sung and gone. 

The famous men of war have fought, 

The famous speculators thought, 

The famous players, sculj^tors, wrought. 
The famous painters lillTl their wall. 

The famous critics judged it all. 

O’er that widt; ])laiu, now wra])t in gloom. 
Where many a splendour finds its tomb — 
Many sjuint fames and fallen mights — 

T he one or two immortal lights 
Rise slowly up into the sky 
To shine there everlastingly. 

Like stars over the bounding hill — 

The epoch ends, the world is still. 

Here we have the historical view, in 
which everything is dead, dusty and 
docketed, and only a few' names survive 
in the memories of man. To get the 
living scientific view w'e must turn to the 
living child, and look at things through its 
eyes. At the end of the dead epoch stands 
a baby, the inheritor of its sound traditions 
and good deeds, the victim of its mistakes 
and its sins. 

It is marvellous how the perspective 
changes when we regard life and the great 
problems of life from the jioint of view of 


the child. At the close of the nineteenth 
century, for example, general attention 
was occujncd, throughout the civilised 
W'orld, by certain new j)r()blems of marriage. 
These problems w'ere discussed in the church 
and on the stage, in the newspaper and in 
the poj^ular novel ; and at least one school 
of j)oliticians attempted to make profit out 
of the apparently widespread discontent 
over some of the conditions of modern 
matrimony. At the present day the subject 
is still commonly discussed from the nine- 
teenth century j)oint of view. The man of 
science, however, has begun to look at the 
matter through the eyes of the child, and 
he has thus recovered the large and simple 
vision necessary in arriving at any clear 
conclusion. 

Primarily and originally the function ot 
marriage is to maintain the species ; and it 
is h(‘re that modern literature so often 
conflicts with modern science. From the 
days when Ibsen, w'ith his famous play 
A Doll's House," opened the current 
discussion on the problems of marriage, 
nearly ev'cry playwright or novelist has 
assumed that men and w'omen have the 
right to test their marriage entirely by the 
degree of pleasure that tlieir union brings 
to each of them. If a w'ife has a husband 
who cannot appreciate her feelings for a 
more active and stirring life, it is her duty, 
Ibsen seems to have suggested, to slam the 
front door on her husband and children, 
and go out into the w'orld of art or literature, 
business or politics. Another Scandi- 
navian dramatist, Strindberg, has recently 
taken to advocating the husband's side of 
the case : he holds that marriage restricts 
the development of the more virile qualities 
of a man ; the worpan enslaves him and 
forces him to make all kinds of sacrifices for 
her pleasure. Mr. Bernard Shaw appears 
to adopt somewhat the same point of view 
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in his “ Man and Superman." As Mr. 
Rudyard Kipling put it, in the days when 
he was young and cleverly foolish — 

Down to Gehenna, or up to the Throne, 

He travels fastest who travels alone. 

Ibsen and Strindberg present the selfish 
point of view, and it is just possible that in 
what both of them say there is a small 
measure of truth. 

Having erected, in modern civilised 
society, so apparently complete a series of 
defences against the harsher forces of 
Nature, we are sometimes tempted to think 
that we have entirely escaped from the laws 
of life. In regard to marriage, we are often 
inclined to regard the personal happiness 
of the married couple as the function of their 
union. Human marriage is, no doubt, at 
its best a pure and noble source of joy, but 
it is this indirectly rather than directly. 
When we take the happiness of two married 
people as the supreme and only test of the 
success of their marriage, we are putting 
the cart before the horse. We are mis- 
taking one of the means for the crowning 
end ; and when we do this, there is con- 
siderable danger of our going so far as to 
stop half way down the road that Nature 
meant us to follow to the finish. Happiness 
in marriage is like a double hedge of rose- 
bushes along the path of life : it sweetens 
the journey and makes it pleasant and 
attractive, but we must not continually 
stray to jduck every flower we pass. 

The Men and Women who are too Selfish to 
Hand Down the Torch of Life 

To put it in another way, happiness in 
marriage is like the reward a good workman 
receives for undertaking a difficult duty. 
But, in regard to the maintenance of the 
species, the care and the trouble and the 
expense of looking after the young must be 
undertaken even where no material reward 
is forthcoming. Happiness is not necessary, 
as many self-sacrificing women have proved 
by bringing up their children in an admirable 
way, in spite of the fact that their own 
married lives have.^bccn unhappy. Ibsen 
and Strindberg and their followers do not 
mean well when they point out the limita- 
tions of marriage ; their cynicism is based 
on a love of pleasure and a dislike of the 
duties of married life. • But in so far as 
their criticisms ser\"e to bring out the fact 
that marriage is fellow-service and the joys 
of fellow-service, rather than a refined form 
of selfishness, they help to clear awaya mist 
of romantic falsities, and assist us in seeing 
the problem in a clear light. Let us for the 
moment, and for argument’s sake, be willing 
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to admit that modern marriage is a failure 
Certainly the number of those who are abk 
to set up for themselves in life is growing 
while the number of those who undertake the 
highest duties of the race seems diminishing 

This is the veritable problem of moderr 
marriage. The growth of luxury is spreading 
among our people a base and narrow selfish- 
ness. Our literary pedants put it that 
marriage prevents men and women from 
developing their individuality and culti- 
vating their finer powers to the uttermost. 
More ordinary cynics say that it would 
hinder them in their career and make them 
less successful in life. So the individual 
apparently enjoys more luxury, and the 
race decays. He owes his existence to the 
sacrifices of his ancestors, but he is too 
selfish to hand down the torch of life. 

The Great Empires of the Past which Forgot 
their Children 

Some of the most splendid civilisations 
have failed because the interests of the child 
were overlooked in the pursuit of apparently 
other high aims. The achievements of the 
ancient Greeks, for example, are, from an 
historical point of view, of very great iip- 
portance ; but the intellectual, artistic, and 
political triumphs of Grecian civilisation in 
the days of its supremo power must have 
seemed of little importance when looked at 
through the eyes of Grecian children a few 
hundred years afterwards. The welfare of 
the race had been neglected, and so the 
glory of (Greece passed away like a pageant 
*of sunset clouds. If, in the struggle for 
the dominion of the wx^rld, the children of 
the Romans had been also lost sight of, the 
civilisation of Greece, which the Romans 
adopted and handed down, might to a large 
extent have beer, lost to humanity. In 
course of time, Rome also became too busy 
to look after her children, with the result 
that a good deal of her work would not have 
survived if the Teutonic and Mohammedan 
races had not retained the simpler and more 
important view of the function of human life, 
ne Seeds of Ancient Destruction at Work 
in the Modern World 

For nearly fifteen hundred years the 
nations with their ancient seat in Northern 
Europe have carried on the work of civilisa- 
tion, and at the same time kept in view the 
interests of the child. By these two means 
they have spread over a large part of the 
earth, and advanced in a wonderful manner 
the power and knowledge of * man. Now, 
however, thw seem to be going the way of 
Greece and Rome. Under the present con- 
ditions of civilised society, where any capable 
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man and woman can, by devoting the whole 
of their energy to the task of making money 
and enjoying the pleasures of money, live in 
comfortable singleness all their lives without 
exciting the scorn of their neighbours, 
marriage may be regarded as a failure — if 
examined entirely from an individual selfish 
point of view. Sheer self-regarding prudence 
of this sort is at present not uncommon ; it 
extends in every nation with the growth of 
luxury, and it was one of the chief causes of 
the downfall of the most brilliant civilisa- 
tions of the past. 

Great poets and novelists celebrate the 
love that leads to marriage. What they do 
from the instinct of genius, the great 
thinkers do from the larger reason. For 
they sec that the individual must be sub- 
ordinated to the needs of society. l^ut 
little modern realists, studying life from 
a personal stand- 
point only, manage 
to express the ideas 
of an ignoble crowd 
of modern men and 
women who have 
l«st their natural 
instinct and failed 
to arrive at the 
larger reason for 
its existence. 

Happily, all fine 
things in life are 
unreasonable from 
a self-centred point 
of view — heroism 
and self-sacrifice, 
as well as love 
and marriage ; and 
perhaps if we study 
marriage from a scientific ])oint of view, 
without confusing the jjleasiires of luxury 
with the joys of parenthood, we shall 
find that it is not a failure. Self- 
development and self-assertion cease to 
be hostile forces when each self is seeking 
the fulfilment of its own purposes anti 
its fullest development, in a common 
end — ^whether that end be married life or 
some other. As for marriage preventing a 
man from yaking a career — as is so often 
foolishly said — the contrary is the general 
case. For every man whose finer life has 
been crushed by the needs of his wife and 
children, a hundred thousand have been 
stimulated to a higher level. of industry and 
efficiency. The lone wolf is a good fighter 
when pinched by hunger, but the wolf with 
starving cubs to feed is as fierce as death. 
So it is with men. They work their hardest 


and their best when they are not working 
for themselves ; and from their highest 
efforts not only the family but the nation 
benefits. And now let us gj) on with the 
study of marriage from the point at which 
its modern critic leaves it. 

Nature has not always ruled that the 
union of the sexes should be a long and 
high source of pleasure to the parents. The 
interests of the offspring are supreme. 
Among several of the lowest forms of life, 
sometimes a mother and sometimes a father 
is sacrificed in the interests of the species. 
When the cochineal insect, for instance, is 
about to bring forth young, it dies, leaving 
the shell of its body as a protective envelope 
for its offspring. Thus, w^Iiile in one sense 
the welfare of a species depends upon the 
welfare of its individuals, in another sense 
the welfare of the species entails some 

sacrifice of the 
welfare of its in- 
dividuals. 

Among many of 
the lowi^st forms 
of life the greater 
part of the burden 
falls u p o n the 
young, which 
perish in immense 
numbt^rs. A cod- 
fish produces above 
a million eggs, 
and survives to 
do this year after 
year. Hut while 
the life of the 
])arent is [)reserved, 
nine h u n d r e d 
a n d ninety - nine 
thousaiul and nioie of the progeny die 
before maturity. Even among fishes, how- 
ever, we find the burden of maintaining, 
the sj)ecies more fairly divitled between 
the parents and the offspring. Tlie ])arcnts 
Iniild nests for their young, and, like the 
brave little stickleback, watch over them 
and guard them. As a rule, the need for 
parental care increases at every step upward 
in the scale of life. Either the mother or 
the father— and often both— must devote 
an increasing amount of time and care to 
bringing up the young and defending them 
from creatures of prey. Thus from an in- 
tensely selfish point of view marriage is a 
failure even among the animals. 

Nature, however, is generous to the poor 
beasts of the field who faithfully undertake 
the duties imposed upon them. The longer 
the period they give up to the care of a 
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single brood, the longer becomes the period 
in which they are able to live for their own 
sake. In the highest class of animals, 
the mammals, regarded as a whole, we 
see a general advance in this conciliation 
of the interests of the race, the parents 
and the young. We see it also within 
the class itself on ascending from its 
lower to its higher types. For example, 
a small rodent arrives at full growth 
in a few months, and, after producing 
large and frequent broods, it soon dies. 
There is but a short early period during 
which the female lives for herself : and 
as she usually loses life before she is 
past her prime, she enjoys no latter days 
unburdened by offspring. Turning to the 
other extreme, among the mammals, we 
find an immense contrast. From twenty 
to thirty years of the life of a young 
elephant arc passed entirely in personal 
development and activity. Offspring arc 
produced in few numbers and at long 
intervals, and the tax of l)earing them 
thus falls lightly on the adult female, while 
the male throughout his very long life is 
scarcely inconvenienced. 

The System that is Best Morally is Most 
Efficient Scientifically 

Long ago Herbert Spencer pointed out 
that the domestic relations which are 
reckoned the highest from a moral stand- 
point will be found to be those most efficient 
in a scientific view. It is this inspiring 
coincidence which we must now trace. In 
a former chapter we dealt with the relations 
of the sexes chiefly in regard to tlieir bearing 
on the conditions of the men and women 
who entered into them. Keeping to the 
ordinary outlook, we indicated the steps 
by means of which the mothers and fathers 
of the race were benefited as they advanced 
from irregular unions to permanent mar- 
riages of one man with one wife. This, 
however, was rather a superficial survey. 
In the end it is the child who witnesses to the 
value of the marriage from which he is born. 
Here the happiness of the parents docs not 
count, except in so far as it has a direct 
bearing on the welfare of the offspring. It is 
only the actual way in which the parents 
have carried out their, duties that tells on 
the child^and makes him the living testimony 
of their qualities. 

Beginning with the effects of promiscuous 
unions, we need not turn, unhappily, to 
savage races or to barbaric times to find in 
the child a victim of all that is worst in 
human nature. The utter negation* of 
parenthood is seen in the foundlings of our 
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great cities ; they arc the most pitiable and 
the most appalling evidences of an age of 
pleasure-seeking cowardice. At the present 
day the Foundling Hospital, established by 
Captain Coram in 1739 to suppress the 
inhuman custom of exposing new-born 
infants to perish in the streets,** receives 
every year about five times the number of 
applications that it is able to grant. 

The “ Children of the Fatherland " Denied 
by their Parents 

In the eighteenth century, when the 
Government ordered this single hospital tf) 
admit all children offered, 14,934 foundlings 
were received in four years, of whom only 
4400 lived to be put out as apprentices. 
The total expense was /5()0,ooo. Each child 
of the State that grew to manhood thus 
cost the nation about £114. Nowadiiys, 
most of the work of rescuing children 
deserted by their parents is undertaken 
by charitable institutions, such as Dr. 
Barnardo’s Homes and the Ragged School 
Union ; and many cases arc dealt with 
under our very bad Poor J.aw system. 
Little distinction is made between the poor 
abandoned waif and children who have be<;n 
orphaned by the death of their parents ; and 
so it is difficult to ascertain the actual 
number of real foundlings in our rich, busy, 
and highly civilised community. I n F ranee, 
where wealth is more equally distributed, 
the “ children of the fatherland,’* as they 
are prettily called, are said to number about 
150,000, but here again it is possible that 
natural orphans are included among the 
victims of human vice and selfishness. 

Still, it is clear that some of the lowest of 
the brutes are, by the supreme test of 
natural selection, creatures superior to 
many civilised men and women. Mitigate 
as we will the harsher forms of the struggle 
for existence, yet all our social co-operation 
and achievements arc vain and idle if wc 
neglect the duties of parenthood. 

Where an Uneducated Peasantry Keeps in 
Advance of the Better Instructed Races 

One of the most damaging facts in the vital 
statistics for Europe is that the lowest pro- 
portion of illegitimate births is found in 
illiterate regions, such as Russia, Irelantl, 
and Brittany ; wiiile in countries where 
elementary education is common the pro- 
portion of illegitimate children is high. 
For instance, m the Scandinavian and 
Germanic lands, where the literature of the 
modern rcv'olt against the duties of marriage 
began and spread, sometimes one child in 
every ten is born out of wedlock. Hcie 
are the last figures, showing the illegitimate 



GROUP II— SOCIETY 


.'hildren per thousand births in various coun- 
t l ies, dating between the years igoo and 1905. 


Denmark 

Sweden 

Norway 

Austria 

Germany 

France 

Scotlantl 

England 

Ireland 

Russia 


loi 

113 

74 

141 

84 


88 


<»4 

40 

2 (> 

27 


These figures, of course, are not always 
an index to the morality of the various 
countries, but they bring out our point 
that education and prosj)erity seem to 
make for irregular relations of the sexes. 

The Weakening of the Belief in Marriage in 
the United States 

It is possible that England is an exception 
to this rule, peiiia]^s the old leaven of 
Puritanism saves us, but more probably the 
Anglo-Saxon race generally is misusing its 
old powers of self-control for the individual 
end of personal comfort and ]>ersonal success 
in regard to the business side of life. 

However this may be, we have only to 
tiirn to the second great branch of the 
Anglo-Saxon race in order to study (he 
subtlest and perhaps the deadliest form of 
irregular unions. No doubt the American 
has the same respect for legal morality as 
the Englishman. He, too, has much of the 
Puritan in him, and he, too, has the same 
trick of holding to the forms of his tra- 
ditions while disobeying the s])irit of them. 
As Professor W. F. Willcox, the chief 
statistician of the United Slates Census, 
recently remarked, the belief in marriage 
as an institution lasting till death became 
weakened in the United States during the 
nineteenth century, along with the \veakcn- 
ing of other religious conceptions. It has 
yet to V)e determined, Professor Willcox 
goes on to say, whether a substitute for (he 
religious idea of marriage can be d(;v('loped 
under the influence of any utilitarian forces. 

The Selfish Philosophy which is Working 
Against the Future of America 

At present it seems as though the 
Americans are not very anxious to find a 
substitute— if such a thing exists. They 
have discovered in marriage and divorce a 
simple and legal form of promiscuity which 
they use with extraordinary zest. Every 
year the number of American divorces is 
about double that for the whole of the rest 
of the Christian world. 

The. large space given in our newspapers 
to reports on divorce cases is, fortunately, 
very misleading. Many, persons are apt 


to conclude that a considerable proportion 
of English marriages are utter failures. J^ut 
the last figures available show that there 
were only 844 divorces in England in 1905. 
It is true that in 1858 there were only j2(), 
but the increase in forty-seven years is not 
remarkable when com])ared with the increase 
in the po]mlation. The figures are, indeed, 
very reassuring when compared with those of 
the United States. In igob there W(‘re over 
72.000 divorces in the nation founded by the 
Pilgrim Fatlu‘rs ; and this loosening of the 
marriage bond is accompanied by a great 
diminution in the birth-rate of the native 
white poj)ulati()n, which is now^ notorious. 
“ Hlessed are the meek,” .said Christ, 
'' for they shall inherit the earth.” The 
sclf-a.ssertive. Yankee, bent w'holly on per- 
sonal aggrandisement, will probably vanish 
in the next two hundred years, and the poor 
humble lanigrants from Southern luiro])e 
w'ill posvsess his territories unless they, too, 
in turn become smitten with the passion 
for greed and pleasure and power, 'riuis 
natural selection in its severest form is 
seen to be still working 'inside all those 
defences of civilisation wliich man thinks he 
has en'cted against Nature. 

The Hftppy Distinction of England Contrasted 
with America 

Professor Willco.x seems to find a sad 
consolation in the (lu'ory that the middle 
classes of America arc*, only the firsj to 
strike down the ])ath to ik'struction, * and 
that all the peoples of luirtjpci are following 
them, some slowly, some (piickly. , The 
geiK'ral loo.sene.ss' of the marriage boiitl in 
the United States, he thinks, is the outtX)me 
of a tendency which has Ihhmi at W’Ork in 
Europe since the Ktflbrmation. In his 
view, it is ]>overty and lack of facilities 
wiiich hinder all the otht*r races of Christen- 
dom from combining marriage and divorce 
into a common system. If this were so, we 
could only say of the lt)wer and middle 
classes of Europe as Thomas (nay said of 
the English peasantry in the eighteenth 
century-- that their w'ant of ])ow'er and 
money was hap])y, in that it restricted their 
power of doing ill, so that ” their .sober 
wish(?s never learnt to stray.” Put we are 
not inclined to agree with Professor Willcox 
that the tendency in Europe is to follow 
the United States in making the marriage 
bond easily dissolvable. Perhaps tlie ancient 
tics of home life in Europe are stronger ; 
perhaps the European mother is readier to 
suffer in silence for the sake of her children. 
However this may be, there is the signifi- 
cant fact that about fifty times as many 
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divorces occur among a given number of 
AmericatiS- excluding negroes -as take 
place among the same given number of 
KngHshmen. The difference would be very 
much higher if there were also excluded 
from the American estimate the many 
millions of European immigrants and their 
children who hold to the sound traditions of 
marriage . which they brought with them 
from the Old World. 

The marriage-and-divorce system at its 
worst is promiscuity ; in its more usual and 
moderate form it is a reversion to ])olygamy 
in the ancient Christian sense of that word. 
In its ordinary meaning, human polygamy 
is restricted to a marriage of one man to 


No doubt if polygamy again became a 
general practice it could be made to consist 
with a fairly high form of civilisation, 
provided that it did not lead, as it now 
does, to a terribly diminished birth-ratf 
Ordinary barbaric polygamy has at leasi 
this in its favour : that it docs not seem 
greatly to decrease the number of children. 
Without allowing that polygamy is nalui 
ally produced and maintained by the loss 
of men in war, we may admit that, when 
two races arc continually in conflict, tlu 
one that docs not utilise all its women as 
mothers will be unable to hold' its ground 
against the other which docs. Then, in a 
barbaric community formed j^artly ol 
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several women. It was so rare and so 
extraordinary for^a woman to have several 
husbands that the term polyandry was 
invented for this stranger form of union. 
In the marriage-and-divorce system, how- 
ever. we have got back, to the stiige in which 
many savages and most of the animals 
remain. Male and female during their lives 
enter into transitory unions with the oppo- 
site sex. changing their partners, several 
times. This is a kind of successive poly- 
gamy, and as such we can contrast it with 
the simultaneous polygamy of the savage 
and barbaric races. 
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wifcle.ss men, of men with one wife each, and 
men wlio have more than one, this last 
class is usually superior. Among savages, 
it is composed of the stronger and moiv 
courageous warriors ; among semi-civilised 
people, it is made up of the luen who an 
generally tjic more capable. In both case^ 
these men will leave a larger number ol 
offspring than the other men ; and it 
probable that their children will, on tin 
whole, be remarkable for their inherited 
strength of body and powers of mind 
Such seem to be the natural advantages ol 
barbaric polygamy. 
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Its gravest disadvantage is that it pro- 
duces a child of a lower type than the 
monogamous marriage. The woman, of 
course, suffers as well, even where the 
mothers have separate households. She is 
de])rivcd of the continual esteem and loving 
care which make the life of the singly 
married woman pleasant and inspiring. 
Naturally, there are jealousies and quarrels 
in a polygamous family —tlie mind and 
character and soul of the woman cannot 
fully develop. This tells on the training of 
her children, and they, of course, suffer 
also from a too diffused paternal care. 

The Effect of the Marriage System on 
Competition between Peoples 

Thus, when other things are equal, a poly- 
gamous nation goes down before a moiK^- 
gamous j)eoj)le, whose men have been better 
(lisciplincd and better instructed generally. 
This is seen not only in trial by battle, but 
in every form of human competition. No 
doubt the great modern polygamous races 
do not jwactise ] polygamy on a larger scale ; 
it is only their chief men who can afford to 
have many wives. It is, however, on these 
chief men and tlieir children that there 
falls the task of directing the policy, the 
civilisation, and the industrial expansion of 
the country. Against them are langed men 
brought up in the higher school of single 
marriage. That is why, for tiie last three 
thousand years, victory has generally 
inclined at last to the side of the more 
monogamous nations. 

Even the advantages of barbaric poly- 
gamy disap|)ear in the inarriage-and- 
divorce system, which we are told will 
S|)r(^ad from America to Europe. Here it is 
only more unstable, restless, and pleasure- 
loving spirits who make and break their 
unions. The change of j)artners entails the 
destruction of the home life ; that is to say, 
the children bear the entire cost of the 
divorce. They are in a worse case than 
the offs])ring of the barbaric polygamist, 
who have at least a ]^ermanent home, 
even if they lack the full ])arental care 
necessary to bring out their finest qualities. 

The Unhappy Lot of Hundreds of Thousands 
of American Children 

The children of the marriiigc-and-divorce 
system — there are hundreds of thousands 
of them now in the United States— are 
worse off than the foundling. They grow 
up usually without the moral training that 
even a waif obtains in an institution. 

This fact is indeed so apnarent, even to 
many men and women who have adopted 
the marriage-and-divorce system, that they 


often send the children at an early age away 
from the half-emptied home ; and an Ameri- 
can writer, describing New York, says that 
the home is passing away, and that in future 
the school must be the world of the child, 
whether working, learning, or playing. 

Here we again arrive, from the jH)int of 
view of the child, at another argument in 
favour of a single and permanent marriage. 
Some of the clearest thinkers in the advanced 
Socialistic school are inclined to favour the 
marriage-and-divorce system. They justly 
observe that it makes for the breaking up 
of all home life, and prepares the way for 
the State to take over the entire care of the 
children. But it is a notorious fact that 
“ institution children ” are much slower in 
developing than children brought up with 
their parents ; and there is, besides, a ten- 
dency among them for the. somewhat 
troublesome ciualitics of initiative, <!nter- 
jnise, and intlivitluality to be re])ressed, for 
the sake of the less v^aluable qualities which 
go with discijdine and routine. It is because 
a stable home life helps to bring out in 
many ways the uniqueness and personality 
of a child that a marriage lasting for life 
between one man and one woman is the 
highest form of union from a moral point of 
view, and from a scientific standj:)()int the 
best means of maintaining the species. 

A Possible Explanation of the Decline in 
Inventive Genius of America 

With each advance in our knowh'dge and 
power, modern civilisation becomes easier 
to maintain in one way, and more difficult 
to build u]) in another way. J.ess routine and 
manual work is required, as the number and 
capabilities of our iron slave's increase ; our 
machines, in war anti industry alike, i)er- 
form every year a still larger ])art of the 
machine-like labours of society. Jwery year 
we nee<l more originality of mind and more 
virility of character in the men who invent 
and sha])e ami tlirect our iron slaves. In 
other words, we want urgently more of 
those qualities which permanent single 
marriages are most likely to i)wsst;ss. 

Some of the best minds of America are 
now vainly seeking for an exjdanation of the 
deplorable fact that their countrymen 
generally are losing the inventive talents 
for which, only twenty years ago, they weje 
famous throughout the earth. If, as we 
think, the explanation is partly to be found 
in the results of the marriage-and-divorcc 
system on the new generation of nalive 
Americans, it is clear tliat by adopting that 
system the rest of Christendom would pass 
away like ancient Greece and Rome. 
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THE THING THAT MATTERS 

The Astounding Discovery that Nations are Made up 
of Men, and that the Foundations of Empires are Alive 

THERE IS NO WEALTH BUT LIFE 


W E have seen enough already to prove 
that numbers count in human affairs. 
The law of population-pressure and the 
elementary facts of birth and death rates 
suffice to convince us. But the Eugenist is 
the last person, obviously, who must permit 
himself to commit the error of supposing that 
numbers are everything, for he persistently 
denies that the numbers stand for the same 
thing in any two cases ; and, further, the 
argument from numbers alone is notoriously 
contrary to the facts of history, which has 
been made by people like the (Greeks and 
Jews and Romans and English, conspicu- 
ously few in numbers throughout their 
entire record, compared with the huge 
masses of human population, scarcely 
remembered even by name, upon which, or 
in spite of which, they did their work. 

We are thus faced with the old contro- 
versy, now somewhat wearisome to those 
who dislike half-truths, between the advo- 
cates of numbers and the advocates of the 
select and few. The controversy is disap- 
pointing, because we clearly have to reckon, 
in human affairs, both with quantity and 
(quality, and because the aim of eugenics 
is the most of the best people -which 
obviously includes both ideas. But, beyond 
question, the Eugenist must put human 
quality first in his estimation, as we 
appraise other noble and beautiful things, 
such as poetry or pictures, and thereafter 
he must seek to obtain as much as possible 
of the quality which he admires. 

In a noble and never-to-be-forgotten 
passage, Ruskin taught the so-called politi- 
cal economists of his day that “ There is no 
wealth but life.*’ But since life may be of 
many qualities — from the criminal to the 
saint, the idiot to the genius, the paralytic 
to the athlete, and so forth — it is evident 
that the statement requires qualification, 
according to the quality of life. Ruskin 


added this qualification, in many great 
passages, too little read by many who 
profess and call themselves Eugenist s. Not 
only is there wealth, there is also illth, as 
Ruskin pointed out ; and whether we are 
studying the individual or the nation, this 
tremendous distinction requires to be made. 
Assuming for the present, then, what may 
hereafter be evident, that for a nation, as for 
an individual, there is no wealth but life, and 
that every society, state, or emj)ire is built 
upon living foundations, the quality of which 
depends, from generation to generation, 
upon the quality of the national parent- 
hood, let us survey some of the great events 
and problems of history and population, 
from this point of view, beginning with 
ancient Greece, which produced the immor- 
tal Juigenist Plato, and ending with the 
problem of our “ Sister Isle,** whose destiny, 
under whatever legislative scheme, will be 
determined by the quality first, aiicl quantity 
second, of its men and women, and by those 
alone. 

History is full oi’ the rise and fall of races 
and civilisations. The archaeologists are 
now teaching us that ]^re- history is com- 
posed of the same tragedies ; and though we 
know nothing of the causes which produced 
them in prehistoric times, we do know 
that they were ultimately biological — that 
the breed of men must have failed, for some 
reason or other. Within the historic era 
we have some record of Greece, Rome, 
Spain, France, Russia, and Ireland, which 
may serve to show how strong is the eugenic 
case from the historic point of view. But 
before we take these up in their order, we 
must meet one ancient argument which was 
applied by the Greeks to the disappearance 
of races before their time, and has since been 
applied to the (Greeks in their turn, and to the 
other historic instances of decadence since 
the Grecian age. The argument has found 
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a champion in the person of no less con- 
spicuous a thinker than Mr. Arthur Balfour, 
as recently as in his Sidgwick Lecture on 

Decadence in 1908. 

This is the argument that races naturally 
and inevitably grow old, as individuals do. 
It is an admirable instance of the danger of 
what is called the “ argument from analogy/* 
a favourite method of Plato and Aristotle, to 
whom first 'we owe this idea about races. 
The argument from analogy asserts that 
because two things arc similar in one or more 
points, they are similar in all. Races — or 
societies — and individuals are similar in 
many points, and therefore in all. Just, 
then, as the individual is mortal- -runs this 
argument — so is the race. Each has its 
period of youth and growth, its maturity, 
and finally its decadence, senility, and death. 

On the contrary, the science of life de- 
clares, as tlie capital fact which contrasts the 
indiviilual and the race, that while the 
individual is naturally mortal, so far as 
“ this mortal life ** is concerned, the race is 
naturally immortal. The tendency of life 
is not to die, but to live. If individuals die, 
that is because more life and fuller is thus 
attained than if life bodied itself in immortal 
forms — they die for the immortal race. 

** And the Individual Withers and the World 
is More and More " 

But the germ-plasm is immortal ; it has 
no inherent tendency cither to degenerate 
or to die. Species exist and flourish now 
■which arc millions of years older than man- 
kind. “ The individual withers, the race is 
more and more.** 

The reply of tlie biologist to this theory 
of Plato*s is, therefore, that the theory 
denies the one essential fact in virtue of 
which the individual is only the indi- 
vidual, and the race is the race — the one 
is made to pass, the other to remain. This 
fallacy of racial senility is nevertheless 
always cro})ping up, notwithstanding its 
evidently absurd character, and notwith- 
standing the positive evidence furnished.by 
the countless races, animal and vegetable, 
which arc known ter have persisted for un- 
thinkable ages. Doubtless races can be 
killed, for the germ-j)lasm, though naturally 
immortal, is not invulnerable ; but it is one 
thing to assert that races die because they 
must, and. another to assert that they die 
because they are killed. 

With this ancient error put wholly aside, 
let us survey, in chronological order, thq 
historic tragedies already named, from the 
standpoint already provided, if he will use it, 
for the historian to-day by what wc have 
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already described as the foundations of 
eugenics. And first as to Greece. 

The fall of incomparable Greece, not after 
four thousand years, as in the case of Baby- 
lon, nor after such a long life as Rook 
enjoyed, has been the subject of th( 
historian*s wonder and comment ever since. 
Modern eugenics makes the deliberate sug- 
gestion that, in this case and in the others 
which resemble it, historians have been 
competent to describe, but never to 
explain, because they did not make their 
survey from the standpoint which the foun- 
dations of eugenics provide. 

Was the Fall of Greece Dae to Race- 
Poisoning by Malaria T 

Historians have never agreed about Greece, 
as they have never agreed about Rome. But 
a historian of the new school, Mr. W. H. S. 
Jones, published in 1907 a notable little 
book which offers an ext)lanation of (ireck 
decadence based upon the malarial studies 
of Sir Ronald Ross. 

In brief, the conclusion is that the intro- 
duction of malaria into Greece caused tlu* 
decadence of the pojnilation by racial 
poisoning ; and this conclusion is obviously 
to be based on two lines of argument. First, 
we seem to find evidence showing tliat 
malaria was unknown in Greece during the 
great age. The disease has exceedingly 
striking features, and there is no word of any- 
thing like it in the authors of the time. 
Furtlier, no malarious population — and 
there are many examples to study at the 
present day- could begin to display the 
characteristics of the Greeks in the great 
age. But then it would appear that malaria 
was introduced, ])robably as the result of 
military campaigns, and spread rapidly 
through the j^eople, as its custom is when it 
gets the chance. Second, we have evidence 
of the ])resent day, showing that the children 
of malarious persons are defective in de- 
velopment and in energy, and have tlie 
marks of a degenerate population as com- 
j)ared with their immediate ancestors. 

A Fundamental Error often Made by the 
Historians 

We know that malaria is a chronic 
disease, involving the production of poisons 
in the blood ; and that these poi.sons must 
be carried to the germ-plasm and germ-cells 
of future parents. This is the argument of 
Sir Ronald Ross ; and it is on the strength 
of the strong evidence which he adduces 
that the present writer has included 
malaria in the list of “ racial poisons.** The 
theory, then, is that the fall of Greece was 
due to malarial race-poisoning. 
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The students of this subject are some- 
what inclined to believe that malaria may 
also have played a part in the decadence of 
Rome, which we must now consider. 

Here, again, we find the popular explana- 
tion, beloved of historians, to be a biological 
one ; and again the biologist is bound to 
reply that what the historian assumes docs 
not happen. The historian assumes that 
the characteristics of mind and body which 
j^eople acquire in their own lives arc trans- 
mitted to their offspring. This has nothing 
to do with the exhaustively proved fact 
of the action of poisons in the parental 
body upon the germ-plasm contained in it. 
No ; it is the theory that, say, the son of the 
trained musician or linguist will have a 
special aptitude for music or language, not 
because his father had this aptitude, which 
would be a good argument, but because the 
father trained it, which is a bad argument. 

This transmission of characteristics ac- 
quired by the parents is supposed to 
apply to such a case as Rome. The pe()})le, 
being too successful, are supposed to become 
idle and luxurious and unenterprising, and 
tlfcsc characteristics, acquired by them, arc 
supposed to become native in their children. 

The Reason Wby the Quality of the Life of 
Rome Fell 

On the other hand, the same argument 
serves historians for the explanation of the 
building up of races. Thus they suppose 
that for many generations a race is dis- 
ciplined, and so at last there is produced a 
race with discipline in its very bone ; or for 
many generations a nation makes adventure 
upon the sea, and so at last a])])ears a 
generation of predestined sailors with Idiie 
water in its blood. 

Obviously such a theory of heredity may 
be. of any service he will to the historian ; 
but the transmission which it assumes does 
not occur, and therefore we must abaiulon 
this facile and highly adaptable argument, 
upon which so many volumes have been 
written. The view commonly credited to 
Weismann, but first advanced by (ialton, 
that these modifications of parental habit 
and character are not reproduced in off- 
spring, is now accepted. If there are no other 
factors of racial degeneration, races make a 
fresh start in each generation — apart from 
the possible operation of the racial poisons — 
and Rome fell without the quality of the 
Roman breed falling. But “ every wise 
man's son doth know " better than that. 
The quality of the Roman breed did fall, and 
we must find out, if we can, the reason why. 
Here, again, the new - view . is based upon 


scientific considerations, though in this case 
they are not derived from the study of 
disease, but from Darwin's theory of selec- 
tion. Was there any cause at work in Rome 
whereby the more valuable members of each 
generation were rejected, and the less valu- 
able selected, for parenthood ? It is argued 
by Prof. David Starr Jordan, a distinguished 
American biologist, that there was. 

The Recruiting-sergeaet who Brought Rome 
Down to the Ground 

Along the far-flung Roman frontiers 
there was always need for soldiers. Some 
“ little war " w^as constantly in progress, 
and Roman youth w'as required accordingly. 
Whom should the recruiting-sergeants w’ant 
but the healthy, strong, brave, enduring ? 
And whom should they reject but the 
diseased, weakly, imny, and easily tired ? 
We cannot doubt the answer ; and we must 
remember that those wdiom the recruiters 
rejected for military service they therefore 
selected for parental service. They practi- 
cally said to the second-rate : “ You are not 
good enough to be a Roman soltlier ; stay 
at home, and be a Roman father ! " Was 
it not the children of such fathers who 
wanted nothing but bread and games ? 

Such, in outline, is Dr. Jordan's argument 
— that Rome fell because “ reversiicl selec- 
tion ” spoilt the breed. This is not the only 
Ciise in which shall find that war has 
acted in this fashion — destroying the physic- 
ally superior, and leaving the race to be 
maintained by the physically inferior. 'Fhe 
argument is plain enough, but we had to 
wait for recent tiiqes, and for the influence 
of the great science of life in its application 
to the life of man, before so deej)-cuttiiig 
a theory could be applietl to this old 
historical ]u*oblem. Here the argument is 
simply stated. I.et it not be su])posed that 
we are arguing this to be the sole cause of 
the decline of Rome ; for doubtless many 
causes were at work, and reversed selection 
among fathers must not have more than its 
due share of weight allotted to it. 

A Decline in the Standard of Motherhood 

which Undermined the Foundations of Rome 

Solomon’s assertion that “ Righteousness 
exalteth a nation ” may be taken literally 
and strictly in its application to sexual 
and parental morality. We know that in 
declining Rome the moral standard fell, 
marriage was dishonoured, the use of drugs 
designed against the next generation was in 
large favour, and the standard of mother- 
hood declined ; while the cry went up that 
there was a shortage of soldiers of Roman 
blood for the legions. A Roman writer, 
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Aulus Gellius, of the period — about a.d. 150 
-which Gibbon regards as the critical epoch 
of the decline, describes, in a long and re- 
markable passage, how the Roman mothers 
i)f his time were abandoning their natural 
duties, avoiding motherhood if possible, 
declining to nurse their babies when they 
l)ecame mothers, and calling in any wet- 
nurse, without inquiry as to her suit- 
ability, though, as is often the case, she may 
l)C diseased or addicted to drink/* Such 
references suffice to support the argument 
that a failure of the eugenic standard, as 
diown in the case of motherhood, undermined 
the living foundations of the Roman Empire. 

Let us proceed now to the case of Spain. 
The modern argument invokes a racial 
|)oison to exj)lain the decadence of Greece, 
ivar to explain the decadence of Rome, ancl 
[low ecclesiasticism to explain the dccad- 
•nce of S])ain. Spain was at one time a 
leader of the world. It pioduced great men 
)f action and of thought, and was the heir 
uid trustee of much science and art, which 
\orlh Africa had preserved from the past, 
ind from the East. But Sjiain fell. Rome 
liad no more enemies to tear, and then she 
lell, struck at the heart, where empires rot. 

How SpAin was Struck Dowa by Her 
Eaemies from Withia 

Spain also was stricken, not from witliouc 
>11 1 from within —whence alone, as Words- 
worth says, ‘‘ proceeds a nation’s health.” 

The double action of ecclesiasticism was 
lirecled on the lines of reversed selection. 
Just as the Roman military authorities 
lemoved the ]ihysically worthy and tlieu 
hlood from the Rome that was to follow, 
md tlius selected not the worthy but the 
inworthy for [larenthood, so ecclesiasticism 
^et to work, as if it were of deliberate 
intent, to root out of the Spanish blood the 
two great sets of qualities which arc d(s 
naiided for civilisation, for national main- 
lenancc and progress. The Spanish Tnquisi- 
Lioii did its dire, anti-eugenic work in one 
lirection ; the ecclesiastical institution of 
:elibacy — the negation of parenthood -as 
:hc highest human state, alone worthy of 
he highest human types, did no less dis- 
istrous work in the other direction. Be- 
Ivveen them they succeeded, to use Galton’s 
drong phrase, in brutalising the breed of 
»ur forefathers. Here are the two celebrated 
>aragraplis in which Galton made his 
indictment. These are quoted from his great 
work ” Hereditary Genius.” 

Whenever a man or woman was possessed 
^f a gentle nature that fitted, him or her to 
leeds of charity, to meditation, to literature. 


or to art, the social condition of the time was 
such that they had no refuge elsewhere than 
in the bosom of the Church. But the Church 
chose to preach and exact celibacy, and the 
consequence was that these gentle natures had 
no continuance, and thus, by a policy so 
singularly unwise and suicidal that I am hardly 
able to speak of it without impatience, the 
Church brutalised tlic breed of our forefathers. 
She acted precisely as if she had aimed at 
selecting the rudest portion of the community 
to be, alone, parents of future generations. 

The Terrible Policy of the Church which 
Brutalised Human Nature 

The policy of the religious worlcl in Europe 
was exerted in another direction, with hardly 
less cruel effect on the nature of future genera- 
tions, by means of persecutions wliicli brought 
thousands of the foremost thinkers and men 
of political aptitudes to the scaffold, or im- 
]>risoncd them during a large part of tlieir 
manhood, or tlrovc them as emigrants into 
other lands. Hence, the Church, having lirst 
captured all the gentle natures, and condemned 
them to celibacy, maile a.nother svvec*p of her 
huge nets, this lime fishing in stirring waters, 
to catch those who wt're the most: fearless, 
truth-seeking, and intelligent in their modes 
of thought, and therefore the most suitable 
])arcnts of a high civili.sation, and pul a strong 
check, if not a direct stop, to their ])rogeny. 
Thus, as she brutalised human nature; by her 
system of celibacy applied to the gentle, she 
demoralised it by her system of persecution ol 
the intelligent, the sincere, and the free. It is 
enough to make the blood boil to think of the 
blind folly that has ca-used the foriMiiost 
nations of struggling humanity to In; the heirs 
of such hateful ancestry, and that has so bred 
our instincts as to keep lliem in an unneces- 
sarily long-conli lined antagtniisiii with the re- 
quirements of a steadily advancing civilisation. 

The Vital Difference Between Ecclesiasticism 
and Religion 

If would, of course, be inaccurate, and 
therefore unscientific, to sjieak of these 
disasters, greatly proclaimed by Galton’s 
pen more than forty y(‘.ars ago. as caused 
by religion, notwithstanding that they 
were due to “ the ])olicy of lh<^ ndigious 
world.” The proper word is “ecclesiasti- 
cism; ” and we must be sure that we can;- 
fully recognise the vital distinction between 
ecclesiasticism and religion, or we shall come 
to grave error. It may be, indeed, declared 
that religion has always been eugenic, and tliat 
ecclesiasticism has always been the enemy ol 
eugenics, as in these terrible instances. 
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If we turn now to France, which, great 
country though it still be, and a pioneer 
in many deeds of high emprise, is yet 
admittedly fallen from the glory of its 
past* both as regards physique and rate of 
national increase, and as regards influence 
in the councils of mankind, we find eccle- 
siasticism and militarism, twin enemies of 
man and of eugenics, both at work along 
the lines which Rome and Spain already 
illustrate. The France of to-day is the 
historical consequence of two tremendous 
racial disasters — the expulsion of the 
Huguenots and the Napoleonic wars. 

The Two Terrible Disasters for which France 
is Payins a Bitter Price To-day 

Such, at least, is the suggestion made, 
from the eugenic standpoint, in this attempt 
to survey and summarise the eugenic 
teaching of history. The expulsion of the 
Huguenots was precisely parallel to the 
murderous deeds of the Spanish Inquisition. 
Spain suffered and France suffered in just 
the same way. Just those priceless human 
qualities which Spain lost, France lost in 
her turn when the splendid strain of the 
Huguenots was extirpated from her blood 
and breed. One most notable difference 
remains, . however. Religious ])ersecu-' 
tion ** — to use a contradiction in terms — 
completely deprived not only Spain, but 
mankind, in most cases, of the qualities 
for future generations which led its victims 
to their martyrs* graves. But religious 
persecution in France, though it led to 
much murder also, chiefly led to expulsion 
of its victims to other lands. France lost 
as Spain did, but in this case other coun- 
tries gainetl. yuite the chief gainer was our 
own country, the traditional home of liberty 
and asylum for the victims of persecution. 

The Terrible Man of France who Sowed Ruin 
for its Future 

We have only to examine the historical 
records of the Huguenot families that 
found a home licre, so far as these records 
are available, in order to realise at once 
that the Huguenots whom we befriended 
were worth far more than their weight in 
gold to us. They have multiplied and 
intermarried with our own people, and 
have added, out of all. proportion to their 
numbers,* to the intellectual and moral 
quality and to the tangible achievement of 
our i)coplc. France's loss was England's 
gain. In the matter of vital “ imports 
and exports " there can be no doubt as 
to the policy of “ free imports " — when 
those imports are Huguenots or their like. 
Upon this irreparable loss there followed 
638 


another. The manhood of France followed 
Napoleon Buonsmarte in every directior 
throughout the Continent of 'Europe, ani 
the greater part of it never returned. TIk 
soldier knew what he was doing. Like 
Frederick the Great, he sought to en 
courage physically fine fatherhood. In the 
Napoleonic code the mother of an illegiti 
mate child has no remedy, for the searcl 
for the father is forbidden, the object o: 
this being to avoid any legislative obstacle 
to the freest possible production of children 

According to Professor Richet, of the 
University of Paris; the Napoleonic cam- 
paigns must have cost in all not leSs thai 
eight millions of lives. The drain upor 
the vigorous manhood of France wai 
enormous, and, of course, involved a greal 
fall in the birth-rate. The modern tyrani 
practised as vigorous a reversed selectior 
as any of his predecessors. His battles 
had to be won, and he knew what kind ol 
“ food for powder " he wanted. He re 
duced by several inches, we believe, the 
physical stature of Frenchmen, and lec 
them to unexampled victories abroad b\ 
depleting them of their only natidlia! 
wealth at home. The expulsion of tlu 
Huguenots was a disaster from the stand- 
point of moral and intellectual eugenics 
the Napoleonic wars were a disaster fron 
the standpoint of j)hysical eugenics. 

The Historic Trngedy of France, and the 
Tragedy on Russia's Horizon 

The modern students of these subjects 
whose studies have shown them how mud 
heredity stands for in human affairs, ma^ 
]>oint to the present state of France a; 
the consequence, and hope against liojx 
for the future of a nation wliose past i: 
so glorious in science and literature an< 
the noble arts of peace, but which is nov 
at last actually declining in numbers 
though its beautiful and fertile plains aiu 
valleys would support at least three time: 
its j)rcscnt population. No one who re 
members what England owes to the FrericI 
Huguenots, and, with all the world, to th< 
Frenchman Pasteur, can write scornful!} 
of these historic tragedies, with thei 
tremendous lessons for the ecclesiastic: 
and the soldiers of all countries. 

“ Holy Russia, " with its huge population 
its high birth-rate, and it§ geographica 
relation to Asia, is one of the problem 
of the world. Only the ignorant suppos( 
that, since Russia as a whole is backward 
Russians are stupid or deficient. On tla 
contrary, the highest types of Russian: 
are the equals of any men and wom‘-i 
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that can be found anywhere. In literature 
and painting and science, in the annals of 
liberty and martyrdom and intellectual 
and moral courage, Russia has a glorious 
record. If the Eugenist is asked how it 
can be that the nation which produces 
such great men is so backward, and is 
met with the argument that perhaps men 
matter less in national affairs, and institu- 
tions matter more, he replies that Russia 
practises, and has too long practised, reversed 
selection, as Rome and Spain and France 
have done. Russia produces noble morals 
and splendid intellect, but she exports 
them. Year by year she sends the flower 
of her manhood and womanhood to Siberia. 

Many more, to escape a living death, exile 
themselves, often becoming notable and 
honoured in the countries of their adoption, 
including our own. The Jews of Russia 
[ind Poland are oppressed and murdered, 
tlieir racial powers being destroyed, or 
compelled to turn, in self-defence, against 
the welfare of Russia. Under such conclitions 
Df reversed selection, when Russian and 
Jewish ability and moral courage are 
slatightered and exiled, while stupidity and 
cowardice are left in peace, what chance 
oi progress has a country, no matter how 
large its population, how full its nurseries, 
and how over-full its granaries, so that 
they largely feed the rest of the world ? 

The Practice of Robbing the Fatherland of its 
Best Fathers 

If this argument be sound, Russia 
furnishes, indeed, a particularly instructive 
contribution to the supposed controversy 
between quantity and quality. Throughout 
the present chapter wc have been meeting 
with evidence which suggests that quality 
is of the utmost importance, and that it 
must be reckoned with when we assert 
that there is no wealth but life. Starting 
from antiquity, up to our own times, we 
have seen evidence which suggests that not 
merely do birth-rates and population- 
pressure master, but also it matters in- 
calculably who furnish the birth-rate and 
who do not. No nation, it would appear, 
can indefinitely survive the systematic 
[)ractice of reversed selection. This may be 
practised for military patriotism, as in 
Home and France, but the patriotism — 
literally fatherlandism — which systemati- 
cally robs the fatherland of its best fathers 
cannot but be fatal. In the instances before 
us the problem has depended not upon the 
factor of numbers, but upon that of parental 
quality. And now we see Russia, with every 
uatural and numerical advantage, lagging 


behind the rest of Europe, and lamentably 
and doubly discrediting Europe by its war 
with an Asian people, and the result of that 
war, not because Russia produces no 
greatness, but because she destroys it and 
seeks to extirpate its stock ; so that, indeed, 
generation after generation, Russia seems 
to fall further behind the level of advancing 
civilisation, and, having given mankind 
heroes and thinkers and martyrs in the past, 
now sends us, say —dancers. 

The Tragic Problem of Ireland at Our Own 
Doors 

Not that we who write and read in 
English characters can afford to point the 
finger of scorn at other nations. We have 
Ireland at our own doors. The present 
writer, being a> Eugenist and accepting the 
invitations of any party indifferently if he 
can obtain a hearing for his creed, lately 
addressed a meeting of the United Irish 
League on race-culture, and sought the 
experience of his audience in answer to the 
question : Has Irish emigration involved 
reversed selection ? The answer was affirma- 
tive. A distinguished member of the Irish 
Parliamentary Party told the meeting how 
he had lived for a quarter of a century at 
the great port whence young Irish of both 
sexes left Ireland for ever, and he agreed 
with many other observers in saying that 
these were the very flower of his country’s 
youth — the vigorous, brave, enterprising, 
and devoted. If that is what Irish emigra- 
tion has meant, the modern student of 
genetics and eugenics must declare, on every 
hand, that no country that ever was could 
survive such a drain' upon its only wealth. 
Ireland will begin to be saved when the liest 
of her young people remain in her, and only 
then. Whatever policy effects that end is 
right as national policy for Ireland. 

Vital Imports and Exports from the Eugenie 
Point of View 

Of course, it must be remembered that 
mankind as a whole does not lose in these 
cases. If good Irishmen leave Ireland for 
America, America gains what Ireland 
loses, just as in the case of the emigration 
of the Huguenots from France to England. 
All these arguments about immigration 
and emigration must therefore be looked 
at from the standpoint of the particular 
countries whose vital imports and exports 
these are — not from that of mankind at large. 

This distinction prepares us to see clearly 
that exportation is no real remedy for the 
production of inferior human material. To 
send promising youth to Australia is good 
for Australia, but it is dangerous for us, 
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who are always ourselves in need of promis- do what they can to produci^ good huma 
ing youth. To send hooligans and criminals, material, and avoid the production c 
or probable criminals, to Australia may be bad human material, 
very convenient for us, but it is very bad. These, at any rate, are the questions t 
for Australia, which very rightly refuses to which the study of history wd science leac 
have any more of a process which did it us, and the national eugenics of the futur 
harm enough a few generations ago. Good will be built upon these foundations. W 
human material is not duplicated, bad have to recognise ** the astounding di< 
human material is not disposed of, by covery, of which neither Adam Smith nc 
exporting it. This obvious fact is forgotten Cobden nor Malthus dreamed, that a natio 
by writers on these subjects, both at home is composed not of property nor of pn 
and in the colonies. They very naturally yinces, but of men.*’ Let us continue tp tal 
see it only from the point of view of the man and argue and legislate about imports an 
who fears to lose good material and wishes exports,” but let .us remember ^Rorne an 
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to lose bad, or of the man who wishes to France, and Russia and Ireland, and ^e 1 
get good and dbes not wish to get bad. it that these imports and exports be living 
But if we. look at the matter from the and then indeed will the discussion be vita 
human standpoint, or from ' the Imperial If we would rebuild the living foun^tior 
standpoint, it must be clear that good is pf Empire we require a New Imperialisn 
good and bad is bad, wherever it is. The a Eugenic Patriotismf; which knows th£ 
theory^ of the colonies as a •” dumping- nations /are drawn out of nurseries, an 
ground ” for our undesirables was an insmt accepts tKe scientific evidence, microscopi' 
to the colonies. No colonies would be historical, genetic, which verifies and ratifi; 
worth having that did not re^nt it* On^the for ordinary people the truth perceived i 
other hand, the persistent* draiU of our best the past only by prophets and poets, sue 
youth from tne motherland must be as tne Irishman who said — . 
disastrous. Tfie true eugenic doctrine is m fares the land, to hastening ills a' prey, 
that l^th motherland and colonies must Where wealth accumulates and men decay. 
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THE ULTIMATE UNIVERSE 

The Mystery of the Two Worlds. What is Mind ? 

No Matter. What ii Matter ? Never Mind 

THE MATERIALIST IMAGE WITH EEETOFCLAY 


mind of Iho stiuliMit, surveying the 
vast multiplicity of things, naturally 
‘Ai'cks to n'duco them to a list or category, 
^.o that it may 1 k^ ])ossil)Ie to form “ clear 
and distinct ideas/’ in the famous ])hrase, 
and to formulate laws of Nature’s working. 

The tend(*ncy to classify lies deep in the 
mind ; we all n<'C('ssarily adopt this ])ro- 
('(‘ss in all our affairs. TIhm'o is no other 
manner in which to get a grip of things, 
lor otlierwisc' their number and variety 
ai*^ too great for our minds to grasp, (^n 
the other, hand, much of the business of 
science c<msists of breaking uj) and ana- 
Ivsing,* distinguishing between this and 
lliat, because^ tlu'V diiier in some points, 
though |K‘rhaps alike in many more. 
'rhes(' two contrary processes go on all 
the time; and the trium])h of science is 
when they an^ found not to contradict 
but to help each other, st) that, the more 
we distinguish and separatt*, the mon' wa* 
are able to sim])lify aiul unify, until the 
gr(‘at scientific ideal of “ unity in multi- 
plicity ” is realiscal. 

Plainly the next task before us, in these 
chapters which are introductory to the 
study of the llniversc', and therefore to 
the study of all the sciences, is to en- 
deavour to reduce things to tlieir ultimate 
categories, so that we may know all the 
kinds of existence of whicli the Universe 
is made, and may b(! able to refer every 
new object or identity to a ])lace on our 
list. If we can do this we can do much 
more, for it means giving us definite ideas 
of the elements of our ])roblem : and there- 
after we should be able t(^ discover the 
great modes of interaction between one 
kind of existence and another — those 
modes of interaction which we c;ill the 
laws of Nature. \\c may notice that the 
same thing happens over and over again 
in the same circumstances, and call that 


a law of Nature, but evc'ii tin* lowin' animals 
have as much sciimcc* as that. If our 
science is to bi' n'ally worthy of the name, 
our laws of Na(ure must be gmieral and 
universal; and if they are to be general 
and universal they must deal with tin* 
ultimate categorits of things, 'fhal is 
why a list of things is an imperatixe 
neci'ssity at this stage of our study. 

If w(‘ consider aiul survey all the inodes 
of being or t'xisteme ol which W(' havi' any 
e.\j)erienc(', oiu' obvious and transc(*nd(*nt 
division of things tirst nuH'ts us, coinjiari'd 
with wiiich all other distiiudions are simply 
trivial. On the one haiul, ther(‘ an* things 
more or h'ss visible and ])onderabl(', which 
for many ages havt* beim called MattiT : and 
on the other hand there is a something, 
neither to Ix' si'cn nor weighed, which 
knows and hx'ls, and this wt' call Mind. 
As till' witty t)n)\’erb has it: “ W'hat is 
Mind? No matter. What is Matter? 
Never mind.” 

True, ther(‘ is a final and ])(*t*rless im- 
becility which diMiies the reality of mind, 
though that diMiial obviously inxalidati’s 
itself, since it is mind that maki's it. 
Here we shall not be so foolish. Our 
study in this section is wholly (('ncerned- 
with that which is not mind, but it is 
mind that w rites and mind that nxids ; 
and \\v shall not so utterly stultify our- 
selves as to deny tlu' primary condition 
(T all our study, evtai though it is not to 
be called upon here to study itself. Our 
first division of the, sum of all being is 
therefore into the ultimate (ategories of 
mind and matter ; and from this point 
we must confine ourselves to the second 
of these until we -have* much improved 
upon the idea as the men' word “ matter ” 
stales it. When wo have' done so, we 
must recognise what is, in some sense, 
the (luestion of ([uestions, namely, the. 
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relation between mind and matter — a 
question which raises the most vital 
problems for and witliin every one of us 
at every moment. 

Rather than speak of mind and matter, 
we should do better to speak of the 
psycliical universe and the physical universe, 
believing,’ no doubt, that these two are 
ultimately one, but mearnvhile accepting 
the vast distinction between them. 

The Air We Breathe is as Much Matter as 
the Hardest Rocks 

We must use s(;mc such term as “ physical,** 
because the word “ matter ** is entirely in- 
adequate, and only refers to a mere fraction 
of the physical universe. Indeed, such is the 
present ])overty of language that it would 
be more consistent if we could speak of 
mind and not-mind. Our business now is to 
reduce not-mind to its ultimate categories. 

First on the list, as we may begin by 
sup])osing, is matter. Us claims are 
obvious, but we shall see that they may 
not be substantiated. Meanwhile, we 
grant them. Matter includes all material 
substance, irrespective of size or distance. 
Sirius and the sun are examples of aggre- 
gations, of matter, and so is any one of 
the ])unctuati()n marks on this page. 
Questions of near and far, large and small, 
celestial or terrestrial, are irrelevant — 
matter is niatt('r everywhere. Questions 
also f)f solid, li(iuid. gas, are irrelevant. 
Such matter as makes up water is equally’ 
and sim])ly matter, whether it exists as 
ice, snow, hail, liquid water, or water- 
vapour. The air we breathe is as much 
matter as the hardest aud heaviest rock ; 
it may be licpiehed or solidiiied, but is 
no more matter in these states than in 
its usual gaseous state. 

The Materialist whose Doctrine has Received 
the Most Remarkable Condemnation 

There is about matter, at least in the 
solid or liquid state, a satisfactory im- 
pression of reali^, which our minds find 
it very hartl to resist. We are not so 
sure about the gase(^us form of matter, 
and we are apt to speak of “ airy 
nothings,** but the casual mind tends to 
regard matter in general as the most real 
of rcalkies. Hence there .is derived a 
definite theory of the Universe, which is 
appropriately called Materialism. 

This hoptle.ss and uninspiring nolion of 
things had its heyday some half-century ago, 
at the dawn of the modern scientific* era. 
It has received in recent years the most 
remarkable condemnation. Further study 
— of tfie very kind upon which the 


materialistic theory was orginally based — ha 
disposed of it for ever, by disposing o 
matter as an ultimate reality at all. Thi 
most unplcasing image of the humai 
mind's invention had feet of clay, ant 
they have already crumbled into dust 
We can no longer include matter any 
where in our list of ultimate things ; am 
the theory which built mind and all otlu' 
existence thereon is left “ to point a mora 
and adorn a tale.** 

As we have already seen, the moden 
analysis of matter resolves it into electricity 
and electricity is itself found to be a form o 
energy. Like all forms of energy, it i: 
convertible into any other form of energ\- 
and any other form of energy is convert ihh 
into electricity. The old division of Hk 
physical universe into “ matter and emagy,’ 
which provided material for so much writiiif^ 
and so much angry controversy only j 
generation ago, breaks down. Matter lx 
comes resolved into a mode or manifestatio? 
of energy. If we are to hav(‘ a ])hil()So])li\ 
which elevates the physical above tli( 
psychical, we can no longer call it materfiil 
ism, but, if anything, must call it energisin 

** Ether is the Mother of Matter and Energy 
is its Father 

Our list of things thus becomes snialKi 
and more profound. .All forms of matter 
“ from stars to .street-swiM^pings,” all com 
j)ounds and all el(*ments. take tlu‘ir ])lace a' 
manifestations of energy, and all manifi'sta 
tions and modes of energy iw. found ic» lx 
convertible, and therefore ultimately oik* 
Matter, motion, light, lu'at, S(uind, eUrtri 
city, magnetism, chemical energy, all tlust 
conu* under one, name in our list : tliev 
are all of them “ eiiergv.” We are incline' 
to ask whether anything remains. 

The answer is that wc* ha\a' not ye I 
reckoned with a mvsterioiis somethin;^ 
invisible, yet the vehicle of all light, wliicli 
not matter, and is not energy, and is callec 
the ether. It comes to this : that for tlu 
older pairs of terms, “ matter and energy ” oi 
“ matter and motion,** we must suhstit\it' 

ether and energy.'' Our list of things, s< 
far as the entire physical universe is con 
cerned, may be reduced to these two, and tt 
them alone. 

As the French scientist Gustave Le Roi 
has put it, “ Ether is the mother of matter,' 
and perhaps wc may now go a step further 
and say that ether is the mother of math i 
and energy is its father. T.e Bon has giver 
us a most suggestive analogy when he com- 
pares the genesis and dissolution of w hat w‘ 
call matter to the formation and melting “I 
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('cbcrgs in the ocean. That ocean, uni- 
versal and continuous, is the ether. 

Here is an idea which has grown from 
niall beginnings, and has survived much 
ridicule, until it lias attained pre-eminence 
n modern thought. Just as elec tricitj^ was at 
[irst no more than a singular property of 
imbcr--' of which the (ireek name is electron 
and has now become recognised as the 
form of energy of which all matter is con- 
■;tituted, so the ether, originally “ invented ” 
as a necessity of rational speculation for 
particular purposes, has become recognised 
an llie universal nu'dium, the womb and 
tomb of all Ihirgs. 

The Mysterious Something that was Supposed 
to Carry Light 

We first hear of what used to be called the 
“ luniiuih rous ” - lliat is, the light-bearing 
ether. Sound travels through matter air, 
water, or rock. Where then* is no matter, 
there is no sound ; no earthly sound can 
reach tlu* heavens. Hut light (ravels from 
star to star, or sun to planet, where there is 
no matter at all. Men have believed, as 
.\( 4 wt()n did, that light consists of a nuilti- 
lude of minute bodies, called by him 
(•('rimscl(‘s, which are shot through space 
Iroin the luminous object. Ihit wlicn this 
“ (:or[)uscular theory’' of N(*wton\s was 
tound to he unsatisfactory, there followed 
the “ undulatory theory,” which declared 
that light consists of undulations, or waves. 
Plainly we irinst iiKpiire — waves in what ? 
l^'or these waves are evidently couvt'yed where 
there is nothing that we know. We are 
l)ound to assume tlu; existence of a medium, 
and that, from its function, was called tlie 
” luminiferous ether.” About it no mon^ 
was assert (M I than that it was not matter, 
hut was certainly real, and that it was 
<'apal)le of conveying waves, so tliat it must 
have the })i:oi)erty, familiar in many forms of 
matter, which is called elasticity. 

The Unseen Ether that is More Real than the 
Things We See 

Hut Newton’s name is associated with 
another theory which has stood tlu* test of 
time much better than liis cf)rpuscular 
theory of light. He declared that the 
motions of the planets can only be cx- 
]>lained on the view that there is an attrac- 
tive force exercised between them and the 
>un. Now, if the force or action be exe rcised, 
Nvo arc bound to believe that there exists 
^ome medium through which it is exercised. 
1 he alternative is to believe in ” action at 
«'i distance,” the exceedingly, stupid name for 
i'ction exercised by one thing u])on another 
without any sort of intervening medium. 


Now,” action at a distance ” simjdy cannot 
be imagined, and gravitation is a fact ; 
therefore there must be a medium, filling 
space, which we may call the ether. And we 
may not unreasonably sii])})ose that tlie 
ether or medium which conveys* light also 
conveys the force of gravitation ; nor will 
this view be any the less satisfactory if the 
ph^'sicists discover, as they may, that the 
force of gravitation is ek'ctrical in nature, as 
we know light to he. At the present day we 
are acquainted with a large mnnlxT of (ither 
forces and radiations, such as magiudisni 
and radiant heat, whicli also deinand the 
existence of a medium for their transniission, 
and that medium is imdonhtedly the ether. 
The positive, scion I i fie, objective r(*ality of 
this ether needs to ho insisted n|U)n, as many 
critics who are not ac(|uainteil with recent 
scientific dt^velopmenls still incline to the 
view that the (‘ther is a kind of h'geiul, not 
to be taken seriously. I'o moch'rn students 
of these subji'cts the etlier is far more real 
than obvious matter, though tlie ty])e of 
mind will jKM'haps always ]H'rsist which 
denies the reality of whatever is im|)alpal)le. 

TKe Great CKemist wKo TKougM EtKer to ke 
a Material Thing 

Absolute certainty that the cth(‘r exists is 
not incompatible with Uk* utmost doubt 
regarding its pr()j)erties. 'flu* doubt, and 
the differing o|>inions of students, evoke the 
jeers of critics who art* tlumsclvcs so far 
removed from giving any help that they are 
totally incapal)le of aj)])reciating even the 
difficulties which are involved in the prob- 
lem. No one can ])retend tliat these* 
elifficulties an* yet S(>lvetl, hut they are in 
procc*ss of solution. Some recent p^oints of 
view may here be briefly considereel. 

The great Russian chemist Men(k*h‘eff, 
recently (l(*ad, propounded in the last 
years of his life the vi(*w that the ether is 
really none other than a form of matter, 
that it is, indec'd, oik^ of tin* chemical ele- 
ments ; ainl he endc'avonred to find a place 
for it ill the table of tlie el(*ments which it is 
his lasting honour to have given to tin* 
world. Ihe ojiinioii of Meii(leleelt is not 
accepted, but it is worth recording, not only 
for its historical inti'iest, but particularly 
because it shows how a great student of tlu* 
forms of matter was so convinced of the 
substantiality of tlu*' ether that he could 
place it on a par with ordinary matter. 

If we consider the motions of the lieavenly 
Viodies, wo Ix'gin to realise the difficulty 
of the problem before ns. We know for 
certain, since it cannot be otherwise, that 
space is filled with a something, which we 
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have agreed to call the ether, though the 
name matters nothing. As the earth 
travels through space many miles in every 
second of time, what does it do to the ether, 
and what does the ether do to it ? Does the 
ether part in front of it, as the air and water 
part in front of a ship ? We find it hard to 
suppose anything else, yet the difficulties 
involved in this view are so great as to 
be probably insuperable. 

Does the Earth Divide the Ether as it Passes 
Through It? 

So great are the difficulties of believing 
that, say, the earth can divide the ether as 
it passes through it, that students have 
sometimes preferred to consider the possi- 
bility that, as earth or sun or any star 
or comet moves tlirougli space, the ether of 
space travels through the material body, as 
water miglit move thnnigh a porous body 
such as a s]K)nge. 

Other astronomers, looking at the rela- 
tions of earth and ether as comparable with 
those of ship and sea, have questioned 
whether, and, if so, to what extent, the 
ether retards the heavenly bodies, by its 
having to be i^artc'd in front of them, and 
by its friction upon them as they pass. If 
such friction occurs, no matter how incon- 
ceivably minute its extent, then in the vast 
measures of astronomical time it must 
produce enormous consequences. Granted 
the existence of such friction, it is only a 
matter of time hn* the speed of such a body, 
as the earth to be so much retarded that it 
can no longer maintain an orbit, and must 
fall headlong into the sun. This is one of the 
many t)roblenis, still awaiting elucidation, 
involved in the existence of the ether. 

If wii endeavour to compare the ether 
with ordinary matter — we find we have to 
use the word “ ordinary,’' for it is im- 
])ossible to think of llie ether except as a 
kind of matter we naturally incline to the 
view that it must be inconccnvably light 
and rare and tenuous, com})ared even with 
the lightest form' of matter that we know, 
which is hydrogen gas. 

The Idea that the Earth is an ** Empty ” Part 
of the Universal Ether 

Yet the mathematical astronomers are 
more and more inclining to accept a 
view entirely opposed to "this, and arc 
crediting the ether with a density and 
potency which transcend all ordinary 
matter, however concentrated : and we have 
indeed been latterly asked to conceive of 
material things, such as our earth, or any 
lesser or greater portion of matter, as places 
of comparative emptiness and vacuity in the 
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universal ether — a notion which directh 
contradicts all that we naturally suppose 
and. which yet has much to be said for it. 

If we are asked as to the structure of tin 
ether, we can only rejdy that we suppos« 
it must be structureless. It must lx 
continuous and non- atomic, just as defin 
itely as matter, or “ ordinary matter,’ 
is discontinuous and atomic. Something 
happens in it wherever what we cal 
matter is to be found ; and it suffers stresse: 
of some kind whenever it transmits any forii 
of what we call ether-waves, though it mus 
be questioned whether the term “ waves ’ 
is much more than a figurative expressioi 
to help our minds. 

Having satisfied ourselves that the etlici 
exists, and that it is one of the two ultimaltv 
of the physical universe, we must ask wha 
is its relation to the other, entity, which wt 
call energy. Here we are in deep water, bill 
certainly the more obvious view is the wron;. 
one. We incline to think of the ether a^ 
something, itself passive, which is acted upoi 
by matter, or acted through by matter 
as when gravitation attracts, or when raiiia 
tions of lieat or light are poured forth froii 
hot or glowing bodies. 

The Trensformations and Interactions upon 
which Evolution Depends 

This conception of the ether is radicalh 
and fundamentally wrong. Sir Olivci 
Lodge and many others liave jHiinted out 
the ether is crammed with, energy, veix 
nearly measureless in (quantity. We cannot 
as yet, tap that energy, any more than \\( 
can tap the energy inside the atom ; perhap^ 
the key to the one may be the key to IIk 
other. But there it is; and any menla 
picture of the ether which omits to include ii 
is inadequate and useless. 

Let it be fully granted that the problen 
of constructing a mental picture of the etliei 
which will satisfy all the demands madi 
upon it by science is at present insolubU* 
It will yet be solved, and meanwhile 
have enough to justify us in the assertiui 
that the most ultimate and simple categor\ 
of the physical universe which we can fraiiK 
reduces the list of things of which it consisl^ 
to two — -ether and enefgy. 

What we have called universal evolutioi 
therefore depends upon and consists of th^ 
transformations and the mutual intcractioi: 
of ether and energy. This r statement prat - 
tically agrees with Herbert Spencer’s con- 
ception of physical evolution, except that 
we substitute “ether and energy” 

“ matter and energy.” These transformation 
and interactions proceed in an orderly wa\ ; 
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\ GKIlAT artist’s CONCIirnON OF PHYSICAL ICXKRGY — FII JC STATUE MADE BY MR. G. F. WATTS FOR 

THE TOMB OF CECIL RHODES 


“ KiJkt is the mother of matter," sahl Dr. Gustave Le Boii, and we may now go farther and say, “ Ether is the mother oi matter and 
energy is its father." 'J'his jTliotograph of the statue is the copyright of Mr. Frederick llollyer. 

and when we observe the order in given and what w(? call the laws of Nature. That 
cases, or sets of cases, we speak of the is the first point which we must clearly and 
“ laws of Nature.*' We might just as well lastingly keep in mind, and it is (piite sufh- 
speak of the “ laws of ether and energy.'* cient to show that the term is a bad one. 
Hut there arc few scientific terms so con- Scarcely less important is the fact that \\v. 
staiitly abused; and since w'C cannot apply this term, unwisely and indiscrimi- 
escape its freejuent emjdoyment, we had nately, to all manner of so-called laws, 
better look at it closely. which arc totally unlike each otlier. 

We can scarcely speak of a “law of Twice two, for instance, is four. This is not 
Nature ** without thinking of human laws a law of Nature. It lias nothing whatevi r to 
and lawgivers ; nor can w'e well forget that do with Nature’s events, nor their mode of 
laws are alterable, lawgivers change their occurrence. Whatever tlie interactions and 
minds, laws come into force on certain dates evolutionary transformations of ether and 
and cease on other dates. In all such energy may be, such a law as this of arith- 
respects as these there, is no resemblance metic throws no light upon them, expresses 
between human laws and lawgiving, no part of them, and is wholly independent 
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of them. Such laws as these arc not “ laws 
of Nature '' in the usual and useful sense of 
that term. They are laws of thought. What 
we call the laws of Nature may be true 
or false. They may apply, at best, only 
to our little portion of time, only to our 
little portion of space. But the laws of 
thought, the fundamental doctrines of logic 
and of mathematics, remain. The external 
world does not matter to them, they arc 
wholly independent of it. Chaos might 
supervene, the laws of gravitation and 
motion and life might all disappear, and 
the propositions of logic and arithmetic 
would be just as true. Tliey are true because 
they corresj)ond with and answer to them- 
selvi's and each other. Four involves and 
contains the idea of twice two, and that is 
enough. The truth of the other so-called 
“ laws of Nature ” and (jur theories of her 
working depends not upon the logical and 
r(*asf)nal)l(* character of our tlicory — though 
that is necessary if we are to belicv^^ it — but 
also upon the correspondence beiiveen the 
theory and the facts. 

The False Theories which Strew the Path of 
the Scientist 

The records Of science are strewn with 
false theories which were beautifully con- 
sistent with theTns(*lves and read most con- 
vincingly, but failed to correspond to the 
facts. Since we are rational beings, wc all 
love a beautiful theory, but wc have to 
beware lest the beauty of our theories blinds 
us to tlu’ facts, by which, in the last resort, 
the theories will be judged. Nothing could 
be more beautiful, consistent, appealing, 
than Professor Lowc'll’s theory of Mars, 
but no one knows better than its author 
that this theory must be judged by the 
facts, not l)y its internal consistency. 
Nothing cf)uld be more magnificently satis- 
fying to the mind than Newton's law of 
gravitation, but Newton waited many years 
before publishing it, because the inaccu- 
rately recorded facts before hiin did not 
tally with the law."' Lesser men would have 
made the facts square with the theory. 
Newton kept the theory in abeyance until he 
was satisfied that it squared with the facts. 

M atlumiatics — including geometry — long 
called th(^ “ queen of the sciences," does not 
enter into our ])rescnt schenle. Here we 
re(‘ognise the existence of this noble science, 
and acknowledge that, of all the descriptive 
sciences, astronomy owes liiost to mathe- 
matics, and will owe more in the futqrc. 
But having done so, we must insist that it 
is not for mathematicians to impose their 
conclusions upon the existing world. Mathe- 


matics is the only accurate science, its laws 
are the only certain laws, because they an 
all necessary, and could not be otherwise*. 
Mathematicians start out with certain 
assumptions about Na,ture, and argue then'- 
from in their inimitable fashion, and then 
come to such and such conclusions. 

** The Crftdle-SoAgs with which the Teacher 
Lulls his Pupils to Sleep " 

The observers of Nature are constantly 
discovering that these conclusions an* 
wrong, because the original assumptions 
were imperfect. ** Hypotheses," said Goethe. 
" are the cradle-songs with which th(‘ 
teacher lulls his pupils to sleep." Again and 
again this has hap])ened. Mathematicians 
have made this or that assertion abonl 
flying-machines, or the nurture of sdiool 
children, or the distribution of the stars, or 
what not, and have sought to silence all 
discussion, because they were justly ccTtain 
of the validity of their logical |)roc('sses. 
and then they have turned out to be wrong. 

Those " laws of Nature " to which alone 
the term should be restricted cannot bop(' 
to boast the certainty and the accuracy afld 
the superb inde])endence of the laws ol 
thought, of logic, of numbers, and the like. 
The students of Nature that is, of the 
physical Universe — ^can only o])serve to the 
best of their ability, ])ut their observa- 
tions together, and state general modes of 
action, which may just as well be called llu* 
habits of Nature as the laws of Nature. 
But our observation may be wrong, and, il 
so, we must hasten to correct it. The critics 
of science will jeer, but the wise will know 
that science is therein the more honouri'd. 
And even though our observation be correct, 
the laws of Nature may not remain, bi*- 
cause Nature may change her habits. 

The Lesson of Evolution — that Nature is not 
a Being, but a Becoming 

Universal evolution teaches us that Nature 
is not a beingy but a becoming. Change is 
her most deeply rooted habit. In other 
words, the evolving universe behaves thus, 
at one time, and thus, at another time ; 
thus, in one place, and thus, in another. 
We may boast ourselves to be “ surveyors 
of all time and all existence," but there is 
no warrant, for the boast. We should not 
admit the pretensions of an v ant to such a 
survey. How can we admit our own ? 

The lesson and the meaning of all this is 
that we must be humble. We shall stud> 
the law of gravitation, the laws of planctar\ 
motion, the law^s of motion in general’ Else- 
where we study the law's of life and death, 
the law^s of health, and so forth. What men 
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of science believe they must boldly promul- 
•^ate and stand by, so long as they believe 
it, but none of these laws and statements 
are final. When men in the last century first 
completely grasped the mighty idea of the 
order of Nature, they were far too confident 
in asserting this and that to be part of her 
everlasting laws, and far too ready to be 
content with accepting them, instead of 
linmbly going on to question and to observe. 
Science has been too often discredited in 
consequence, and hampered in its progress. 

The Horrible Nightmare that Materialism 
Sought to Impose upoa Us 

The nineteenth, the “ wonderful,” century 
already begins to be seen as not only a 
century of superb discovery, but also a 
century of many confident mistakes. Our 
almost immediate predecessors boldly an- 
nounced laws about the nature of atoms, 
laws about the eternity of matter, laws 
about the dissipation of energy, laws about 
the origin of species, and so forth, which wc 
now know to be either doubtful or only half- 
triK*, or else wliolly untrue. 

Materialism was one of the horrible night- 
mares which men sought to inq)ose upon 
mankind in consequence. The history of that 
(U’gradation should give us })ause. Here let 
it be set forth in words tlie clearest and 
most conspicuous that this kind of insolent 
dogmatism, never surpassed by ecclesias- 
ticism at its worst, is not for us. On the 
contrary, we here recognise that the sum 
of things may be divided into two parts, 
one of which is mind, and the other is not- 
mind — the psychical aspect and the physical 
aspect of the universe respectively. The 
physical aspect of things we have summed 
u]) in a brief list of two items only, ether 
and energy. What we call the “ laws of 
Nature ” are there coiicc^rned. What we 
call astronomy, old or new% is concerned 
with large-scale doings, changes, and inter- 
actions of etJier and energy. We call this 
section “ the Universe,” and the students of 
the objective sciences are content to assume 
that what they deal with, if they could only 
probe it deep enough, is the universe and 
1 he whole universe. 

Is the Psychical Nearer the Real than the 

Physical, and is Light the Shadow of GodT 

But be it here most solemnly stated that 
we acknowledge the existence of the other 
aspect of things, which we call psychical. 
Though wc boast that wc deal with the 
Universe, it is only one of its two aspects 
that wc shall consider. The world of mind 
and thought and feeling; with its laws, its 
breadth and depth —t hat is outside our 


present purview. Physical science has never 
yet answered the arguments which assert 
that the psychical is the nearer aspect of 
reality ; that the external world, commonly 
called ” the Universe,” is only appearance 
or phenomenon; that light is only the 
shadow’ of God. The world of mind has its 
pioneers, however, in our own day. 1'hcy 
pursue what is called j)sychical research, 
immensely scorned by orthodox, men of 
science, just as orthodox doctors scorned 
Harvey, and astronomers Copt*rnicus, and 
theologians Buddha and Socrates and a 
(ircater still. Psychical research is as yet in 
its infancy, and its followers are few. But 
it is joining hands with its ehler sisters, 
philosophy and ])sychology, and has allies — 
and no w’onder — among the malhcinaticians, 
wdio live in the world of thought, and know 
that it is real and has its own irrefragable 
laws, which no cataclysm nor any evolution 
of the external Universe can alter. 

In this section, therefore, we deal with 
only the ])hysical aspect of the Ihuverse ; 
and in closing tlu^se introductory chapters 
only one cpiestion remains: What is the 
relation, w’hat the interaction, between 
physical and j^sychical. between mind and 
not-mintl ? Are they nUimately two. or 
ultimately one ? Tn tather cas(‘. how, if at 
all, do they affect one another ? 

The Mind Behind our Mind, and the Unknown 
Beyond the Known 

The doctrine that mind and not-inind are 
ultimately two is known technically as 
dualism; the doctrine that fhey me ulti- 
mately one is known as monism. In our use 
of terms, speaking f)f the physical and tht^ 
psychical aspects of the llniversi*, wi^ have 
committed ourselves to monism as against 
dualism. Wo would argue that mine I anti 
not-mind, subjtxt and olqect, ])sy(. hical and 
physical, are the inside and tiie outside of 
one reality, and that behind what we call 
not-mind there is idso Mind akin to ours. 
Mind Univ^crsal and Divine, of which our 
minds are sparks. 

Lastly, the student of the Universe is 
posed with the question whether mind and 
not-mind, as in ourselves, move in j)arallel, 
without affecting each other, or whether 
they interact. The former doctrine, now 
very popular, is kno>vn as ” psycho-physical 
parallelism.” The alternative doctrine of 
interaction is no less well attested. The issue 
does not concern us, so long as we distin- 
guish between the laws of thought and the 
laws of Nature, and realise that the psychical 
aspect of the Universe is no less real and no 
less important than that which we here study. 
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THE PERILS MEN WILL FACE FOR GOLD 



Gold has been the motive power of most of the tragedies and many of the comedies of the world. 
Men have crossed mountains, and spilt blood, and crushed rocks in search of it. The goldfields ar< 
pre-eminently the poor man’s opportunity to either make a fortune by steady work with pick an«l 
spade, or to achieve fortune at a bound by a lucky find of a nugget worth thousands of pounds. I” 
this picture a group of gold-seekers are descending the Chilkool Pass on the way to the Klondike. 
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INSIDE THE EARTH’S CRUST 

The Metals with which “ Man has Hacked and Blazed 
His Way Through the Dark Jungles of Barbarism ” 

A SURVEY OF THE LEADING METALS 


W E have mentionctl the substances 
tliat play the chief part in tlie con- 
stitution of the crust of the eartli ; but 
the cartlTs crust is “ full of a number of 
things *’ that play other ])arts than mere 
crust-making, and are of ])articular interest 
to the living beings inhabiting th(' crust. 
C hief among those interesting things are 
the metals. So important ar<‘ nu'tals to 
civilised man that some are used as mile- 
s^mes and landmarks of ])rogress, and it 
is common to talk of the Stone Age, the 
Bronze Age, and the Iron Age. With metals, 
indeed, has man hacked and blazed liis way 
through the dark jungles of barbarism. 

What is a metal ? The term is too 
ancient to l)e scientific, and, though science 
uses it, science has not succeeded in giving 
it a very sharp and distinct definition. 
But certain substances are ])ut in one class 
and called metals, because they liave 
certain characteristics more or less in 
c<.)mmon. They are lustrous ; they are 
good conductors of heat and ('lectricity ; 
they are usually rigid when cold, yet show 
a certain amount of elasticity. Most lire 
opacpie to light ; but gold, if bcTiten out 
into very thin leaves, transmits green light, 
and thin films of mercury transmit light of 
a violet-blue colour. Probably all arc 
capable of assuming a crystalline structure, 
and some, such as zinc, show crystals cjiiite 
clearly. But perhaps the features that 
induce and justify the classification of 
metals arc the properties of ])lasticity, 
malleability, and ductility, which have 
rendered certain substances so useful. 

The plasticity of metals, their capacity 
for being moulded as a potter moulds a 
bowl, varies in individual metals and de- 
pends on circumstances. Thus, potassium 
and sodium, even when cold, can be worked 
with the fingers like wax, and lead and 
thallium are also easily moulded at ordinary 


temperatures. Others, such as zinc, iron, 
and lead, b('Come readily ]:)lastic only 
when heated. Even those hard metals 
which seem to lack plasticity are, however, 
really (piite plastic, as has been shown in 
cpiite a sensational way by H. E. Tresca, 
who made a cylindrical cavity in a block 
of steel and made a hole in the bottom 
of the cavity that reached to the exterior 
of the block. He then put little discs of 
metal into the cavity, and by nu'ans of a 
piston working und(*r hydraulic pressure he 
subjected the discs to a ])ressure of over 
200,000 |)ounds. Linder this ])ressure even 
such a hard metal as iron was scpieezc'd lik(‘. 
putty through llu^ liole in the bottom of the 
cylinder. 

Ill some metals the malleability, or the 
capacity for being flattened info thin sheets 
by hammering or pressure, and ductility, 
or the ca])acity for being drawn out into 
wire without breaking, are most remark- 
able. Gold-l(‘af, for instance, can be beaten 
out till it is only a f)5,oooth jiart of an 
inch thick. A single grain of gold has 
been pouiuled out so as to have a surface 
of fifty-sevcMi S(|uare inch(*s, and |)latinuni 
can be drawn out into a wire so fin(‘. that 
half a million could come into a single inch. 

Metals vary in colour : many are white 
or grey ; but gold is yellow, and copper is 
reddisii. Medals also vary in weight. 
Potassium, lithium, and sodium are light 
enough to float on water. Silver, on the 
other hand, is more than ten times the 
weight of water, and platinum and osmium 
are more than twice the w(‘ight of silver. 
All metals may be melted, but each metal 
has its own melting-point. Mercury melts 
at - Fahr. Potassium and sodium melt 
below the temperature of boiling water. 
Silver and gold melt at a temperature of 
qb2° and 1064^’ centigrade respectively. 
Platinum requires a temperature of lybo" 
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centigrade to melt it, and osmium can be 
melted only in the terrific heat of the 
electric furnace. 

Tlie ])rincipal metals aie aluminium, 
iron, sodium, potassium, calcium, zinc, tin, 
co])])er, lead, silver, gokl, platinum, man- 
ganese, mercury. Many metals are very 
rare and 'difficult to obtain ; ruthenium, for 
instance, is so rare that it costs over {20 
an ounce. 

It must not be thought that all the metals 
(Kciir in a ])ure state in the crust of the 
earth. A few, such as gold and platinum, 
an; found ])ractically pure, but most of 
them are oxidised and mixed with foreign 
material, forming ore from which they 
re(juirc to be extracted by various pro- 
cesst's. We need not 
licTc discuss the metals 
individually, but the 
more interesting and 
important may l)e con- 
sidered. And first must 
come iron. 

The Iron Age began 
in different countries 
at different times. In 
Kgy|)t, ('hald.ea, Assyria, 

China, iron was used 
lU'arly ()ooo years ago. 

In Ktruria iron was 
known about 1400 years 
before Christ, and in 
(iaul about f)oo years 
later. According to the ])oemsof llomei' the 
ancient (Greeks nseil iron about 1200 yi*ars 
n.c. In England the Iron Age began later 
still, but iron was worked by tlu* ancitait 
Ihitons before the invasion (»f Julius ('a.*sar. 
In Russia the Iron Age began only 1100 
\’ears ago. 

Till' term Iron .Ago has a really deep 
significance ; iron is thi' material foundation 
of the world’s nu'chanical energies— its 
Atlantic liners, its Dreadnoughts, its aero- 
])lanes, its motor-cars, and all itsmultifarious 
machinery. The’’'great iron-masters are and 
must be the grc'at world-masters ; iron, 
cleared of dross and mixed with brains, is 
the great lever of the world. 

Without iron, civilisation would be hardly 
possiblv. It owes its paramount import- 
ance to its unique versatility and adapt- 
ability — a versatility anil adaptability 
rivalled by no other substance.. Razors, 
nails, battleships, watch-sjSrings, horseshoes, 
bridges, darning-needles, files, handcuffs, 
pokers, skyscrapers, and a thousand other 
manufactured articles, testify to its divers 
uses. And the spear may readily be made 


a pruning-hook, and the sword may readil\ 
be beaten into a ploughshare. It can bi 
made hard or soft, strong or weak, britth 
or plastic, fusible or infusible. The black- 
smith in some, countries tests the iron naih 
for his horseshoes l)y bending them on hit- 
forehead, and yet iron projectiles can hi 
made hard enough to pierce the thirl-; 
armour of battleships, or to smash lian 
ore, as one might break a lump of sugai 
with a pestle. 

Strangely enough, the qualities of iroi 
depend largely oh the amounf of foreigi 
matter it contains and chiefly on the amoiiiil 
of carbon it holds, and all the resources o' 
metallurgy have been devoted to prodneiu}. 
the iron and carbon in right ])roporti()us 
Iron is, of coiirsi* 
indispensable as t h i 
medium of mechanics 
acti\'ity, but it per 
forms other functions 
in the world that musi 
not be forgotten. Owiii;. 
to its ilnctility am 
])lasticit\' iron forms* 
most si'i'viceable inediim 
for art. \\' i* 1 1 doc- 
R II s k i n ii t it ii 
language which, thougl 
perluqis more eloipieiit 
than scientific, we ma\ 
well be pardoned foi 
(]iu>ting here : 

When you want tenacity, therefore, an< 
involved form, take iron. It is cuiinentl\ 
made for that. It is the mati*iial j’ivcii tc 
the .sculptor as the com}).Mni()n of marhle 
with a message, as plain as it can well In 
spoken, from the Ups of the carth-mothci 
Here's fur yon to cut and here’s for you t« 
hammer. Shape this, and twist that. Whal 
is solid, simply carve out ; what is tliin an< 
entangled, beat out. 1 give yon all kinds 01 
forms to be delighted in : 11 uttering leaves 
well as fair bodies ; twisted branches as wel 
as open brows. Tlie leaf and the brand 
yon may beat and drag into their imager\' 
the body and brow you shall reverently tcn Ji 
into their imagery. Anil if you choose righth 
and work .rightly, what you ilo shall be sak 
afterwards. Your slender jeaves shall not 
break off in my tenacious iron, though the> 
may be rusted a little with a(i iron autumn. 

Nor do the services of iron to art ceasi 
here. Iron gives mucli of its colour to tin 
world, making the blood red, and flu 
leaves green, and the soil umber. Iron i- 
the basis of many colours, and without 





illK IMMENSE VARIETY OF NECESSARY THINGS FOR WHICH WE l.'l’ON IRON AND STJCICL 
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One of the most remarkable features of the crust of the earth in the Hritish Isles is shown in thev 
pictures. Popular legend has ascribed the stupendous formation of the (iiants’ Causeway to tli 
labour of giants seeking to construct a roadway across the sea from Ireland to Scotland, where tin r 
is a similar formation at FingaPs Cave, in the island of Staffa. Hut this series of beautiful polygon • 
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THAT LEADS FROM IRELAND TO SCOTLAND 



the beautiful cave in the island of ST AFFA, SCOTLAND, TO WHICH THE OIANTS’ CAL SI'.\VA\' I.ICADS 
columns owes its formation to the same great forces to which are clue llu? transmutation of wood to 
coal, the crystallisation of carbon in the form of diamonds, and the melting of rocks and their 
throwing up from the depths as lava or volcanic islands. The causiAvay is believed to have 
hundreds of thousands of columns of the oldest known rock, and to extend from Ireland to Scotland. 
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it the world would be aiucmic, a dirty 
white — “ the white of thaw, with all the 
chill of snow in it, but none of its 
brightness.” As Riiskin points out, it is 
the rusting of the iron, its oxidation, that 
renders it so useful for such purposes. 

” We suppose it,” he says, “ to be a great 
defect in .iron that it is subject to rust. 
But not at all. It is not a fault in the 
iron, but a virtue, to be so fond of getting 
rusted, for in that condition it fiillils its 
most important functions in the universe 
and most kindly duties to mankind. Nay, 
in a certain sense, and almost a literal one, 
we may say tliat iron rusted is living ; 
but when ])urc or ])olished, dead.” 

** The Colour that Comes from the 
Breathing of Iron" 

The iron-rust is just iron ])lus air. The 
iron breathes air just as w(‘ do, “and as it 
breathes, snfti'iiing from its iiK n iless hard- 
ness, it falls into fruitful and beneficent 
dust, gathering itself again into the earths 
from which we feed and tlu* stones with 
which we Iniild, into the rocks that franu* 
the mountains, and the sands that bound 
the sea.” Agates, jaspers, cornelians, 
bloodstones, onyxes, cairngorms, chrvso- 
])rases, marble, ])or]>hyry, red granite, blue 
hills, russet lields, red tih's, green moss, 
rosy granites, and rosy cheeks all owe thi‘ir 
colour largely to this wonderful rust of iron. 
” Is it not fctrange to find this stcan and 
strong metal mingU'd so delicatc'lv in our 
human life that we cannot t*ven blush 
without its help ? ” 

So much for iron. Let us look now at 
the v(TV common metal aluminium, which 
we have aln'ady mentioned as foflning 
eight per cent, of the crust of the earth. 
Aluminium is as common as clay : the 
bricks and slates of our liousi s, the china of 
our dishes, are full of aluminium, l^nt it 
required great skill to obtain it in a j)ure 
state, and only within tlie last few decades 
has it been possible to produci‘ it cheaply. 
Fifty years ago - it cost about twenty 
shillings an ounce ; now we can buy more 
than twenty i)ounds for that price. 

The Properties that Give Aluminium its 
Great Industrial Value 

It is a soft, white metal like tin, and 
melts afb55° centigrade. It is the third 
most malleable and most ductile of the 
metals ; it cannot be beaten (nit so fine as 
gold nor drawn out so line as pratinum, 
but it can be beati'n out into slu'cts r.{ a 
4000th part of an inch thick, and drdwn 
out into wire one 250th part of an inch 
in diameter. It is also a good conductor 
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of heat and electricity — such a good con- 
ductor of electricity that it often is cm])loycd 
for that purpose instead of copper. Its 
tensile strength is also great ; weight fnr 
weight it is beaten in this respect only 
by the best cast steel. 

In all these respects aluminium excels ; 
but it owes its value to three other pro- 
perties : it is not easily oxidised, it is not 
easily corroded by acids, and it is very 
light. Since it is not easily o.xidiscd, it 
does n(3t rust away like iron in the presence 
of moisture and air*, and since it is-not casilv 
corrodcnl by acids, and is very light, it is 
obviously fitted for eating and cooking 
utensils, and is now largely used in the 
mamifactnn^ of such iitcMisils. The uses of 
aluminium in our da\' are vi^ry numerous, 
and aluminium is largely replacing brass 
and co]4)(‘r in many branclu's of industry. 
We will only mention here that aliiminiurn 
is now used in boat-building, in torjxHlo- 
boats, in lit tings for shij)s instc'ad of wood 
and for making engines, motor-cars, bicycles, 
tools, sciemtitic instruments, acr()]dane 
fittings, and that the range of its uscfnlneis 
is steadily increasing. 

The Unique Characteristic of Metals which 
Help Forward Human Knowledge 

Powdered aluminium burns vigorously, 
like magru'sinm, and a mixture of powdered 
aluminium and iron oxide, known as 
thermit, burns so fierccdy that if a little be 
ignited on an iron plate half an inch thick 
it will burn a hole right through. Thermit 
is list'd in various welding o[)t*rations. 

Like iron, aluminium ] days a ])art in the 
a'sth(‘tic sidt' of life. If irtin colours gems, 
it is aluminium that forms thtdr basis, 
rorundiirns. sap}dnres, t()])azes, amethysts, 
mini's, and many other precious stones art' 
chi(dly glorifu'd ahiminium-elav. 

Anotlier intin*(‘sting metal with cliaractiTs 
of its own is })latiniim. Platinum is a 
soft, wliite, lustrous metal found chiefly in 
Russia. It is found almost pure, so no 
elaborate metallurgical operations are 
required to obtain it. Nevertheless, unlike 
aluminium, its price has almost quadriijded 
in the last twenty-five years. It is ver\' 
nialh'alde and ductile. Its melting-point 
is 1760'' centigrade. Like mau}^ other 
things, it owes its importance to certain 
almost unique properties it possesses. It 
is i)ractically iinoxidisablc, and it resists 
all acids except a mixture of nitric and 
hydrochloric acid, which slowly dissolves it. 
These properties make it the metal for 
chemical utensils and crucibles. It is used 
also for making stills for the concentration 
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of sulphuric acid. Liebig, the j^rcat Germiii the glass expands and c«)ntracts, so does 
chemist, said that “ without ])latinuin the platinum, and thus the bulb remains 
crucibles, which share the in fusibility of airtight. 

porcelain with the chemical inertness of Finally, we tome gold. (lold is found 
gold ones, the composition of most of the in many countries, and, being easily 
minerals could not have been ascertained.” obtained and easily worked, it was one of 



I'Hli SUCCESSOR OF THE ALCIIICMIST FATlIOMlNCi THE SICt KETS OF MATTF.R IN A EAHORATORY 

I Ik: of the A.t’l.•^ seiiri-lied for the IMiilo»,o|»lnT'.s Stt.ne tli.ii wtjiilil u.iiisiimii; .ill im.ials intu sold ; llie 

■ dchciiiist of our own d;iy .sean hes for tlic properties ot iiiatu-r wliiili will rt-M.d li> its I hi* idlimair louiidal iotis of tlic universe. 


Platinum owes its value also to a lucky the first mtdals to bt* list'd by man. The 
chance — to the chance that it expands and ancient Babylonians, .Assyrians, Egyptians, 
contracts to heat and ct)ld at the same rate Cretans, were all well act|naintt;tl with 
as glass. It can thert'fore be used to this ])recious metal, and it is very jirobable 
])cnetratc the glass globe of electric lam|>s that in many coimtrit's gtiltl n^as used tor 
and carry the incandescent filament. As nioney long before silver or copper. 
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The beauty, the lustre, the indestruct- 
ibility of gold have at all times made it 
the symbol of desirability — “ more to be 
desired is slie than gold, yea, than much 
fine gold and the standard of value. 
Mon have crossed mountains, and spilt 
blood, and crushed rocks in search of it. 
The Gold that has Drawn Armed Men from 
Civilised Lands into the Wild 
It has been the great motive ])o\ver of 
military concjiiest. This hunger it was 
that led Scipio to Spain and Ccxsar to 
Gaul, that imi)elled Columbus to Cathay, 
Cortes to Mexico, and Pizarro to Peru. 
It led Clive to the coiKjuest and Hastings 
to the ])lund(‘r of Bengal.” And it has 
been a motive ])()wer, too, in chemical 
research, ff)r nothing stimulated the chemical 
industry of the alchemists of the Middle 
Ages so much as the hope of discovering the 
Pliilos(.)pher’s Stone that would transmute 
all the baser metals to gold. Though they 
did not find tin' ]^hiloso|)her’s Stone, they 
found many other things. 

Like ])latininn. gold is invulnerable to 
acids, and is attacked only by a mixture of 
hy<ln)cliloric and nitric acids. It is natur- 
ally a soft metal, softer tlian silver, and 
almost as soft as lead, but if alloyed with a 
minute quantity of l(‘ad, cadmium, or silver, 
it is rendered brittU*. Its mcUing-])()int 
is 10O4' c<'ntigrade. It is very malle- 
able and very ductile, it can be ])eaten into 
leav^es ()5.o()oth of an inch tliick, and a 
single grain can be drawn out into a fine 
wire 500 feet long. Its malleability and 
ductility hav(‘ rendered it suitable for fine 
ornamental work, and in days of pomp and 
pageantry gohl textm\*s have always been in 
eviilenct'. I'he, Assyrian kings wore robes 
interwoven with gold : the Kgyjitian mum- 
mies arc often gilded with gold ; Darius, 
the Persian king, wore a mantle with two 
gold luiwks embroidered upon it. Even 
in the present day, military and naval and 
ecclesiastic garments recjuire gold braid. 

The Gold th&t was One of the First Metals 
Found by Man 

But gold, now, is mainly the medium of 
mercantile interchange, and nowadays gold 
is not woven into kings' garments, but 
stam])ed with kings’ fax:es. It rejiresents 
material \\*ealtli. and thousands. of great iron 
pestles are thudding all over the world to 
crush it out of the (juartz and other rocks 
which contain it. Vet as a metal it is much 
less useful than iron or aluminium. 

The geological distribution of gold is very 
interesting. It occurs both in (dluvium — 
that is to, say, in soil diposiled by running 
630 


water — and in rocks. When it occurs in 
alluvial deposits it is easily gathered as 
grains and nuggets, and no doubt in this 
form it was one of the first metals acquired 
by man. All tliat is required for this kind 
of gold-mining is just a spade to dig the soil, 
a trough with a current of running water to 
make mud of the soil, and a blanket to pul 
along the floor of the trough to catch tlu^ 
heavy particles of the gold as they sink to 
the bottom of the stream. By such simple 
means the writer himself has collected gold 
in New Zealand. There are carvings in 
Upper Egypt, dating about 2500 b.c., which 
show miners engaged in washing auriferous 
sand in hollowed-out stone basins, and 
melting the gold in ])rimitivc furnaces bv 
means of mouth blow- pipes. In India, the 
El Dorado of the world until the discover\' 
of America, sheepskins were often used to 
catch the particles of alluvial golci. Henci* 
the well-known legend of Jason and tlu! 
Golden Fleece. Even now the miners in tlit‘ 
mountains of the (.‘aiicasiis put sheejiskins 
in their sluice-boxes, to catch tlie gold. 

Nowadays, liowevcr, wasliing of aurifcrdYis 
sand is usually cairietl out in a more scien- 
tific fashion. Mercury, wliich has a great 
aOinity for gold, is often used to catch the 
gold, and tlu're are varu)us mechanical 
contrivances to facilitate washing. 

How Gold Exists in Some Form nil 
the World Over 

Alluvial, or placer, diggings, as they an', 
bfteii called, are pre-eminently the ])oor 
man’s ()])portuiuty ; and all tlie great ruslu'^ 
to goldfields liave been to goldfields of this 
dt'scriplion. Not only lias the ]K)or man a 
cluuict^ to make a fortune by steady work 
with his spade and pick, but any day he may 
find a huge nugget worth thousands ot 
pounds, d he “Blanch Barkley'’ nugget, 
found in South Australia, weighed 14b 11 )., 
the “ Welcome ” nugget, found in Victoria, 
weighed 183 lb., and in California a nugget 
was found weighing 195 lb. Placer deposits 
are found all o\'er the world — in Cornwall. 
Wales, Suthcrlandshire ; in the Rhine, tlie 
Rheiiss, the Aar ; in (diina, Japan, Borneo. 
British Guiana, South Africa, Nortli 
America, South America, Australia, and 
New Zealand. In fact, there is hardly n 
country where placer gold is not found to 
some extent. 

One cannot mention gold without men- 
tioning its young cousin silver, an ancient, 
ornamental, and plutocratic metal. Bm 
silver is not sc ancient as gold, chiefly bccaus* 
it rarely occir.s native in nature, but moslh. 
in ores, from ivhich it is difficult to extract 
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iold can bo washed ont of mud into a 
dieepskin, but silver rtN^uires reef-ir.inir.£( 
nachinory and mctallurf^ical processes. 

Silver has a ])ure white colour and a 
heautiful lustn*. and it has also a soft. 
j)lastic character that naturally lends itself 
:o plastic art. Itl^ second only to f^old in 
malleability and duclilit\’. Take gold, it 
iloes not tarnish on exj)osure to moisture 
iiid air : but , on th(' othm* hand, if tlu' air 


of Broken Hill, X(‘w Soutl' W'ales, hav(‘ pro- 
duced enormous (piantities of silver. The 
principal mine yii‘Kled 7.7^7.877 ounces of 
silvt*r in iS^o : in tcmx) tlj(‘ output was 
1,7x8.005 ounci‘s. 

Silver naturally leads us to tlu‘ considera- 
tion of quicksilv'er. or merenrv'. the remark- 
able nu‘tal which remains in a licpiid slate 
at ordinarv' temperatures, and soliditic's onlv 
at ’ centigrade. Tt was a favoiiriti* nu'tal 


contains sul- 
]) h 11 r (' t t e d 
liy tiro gen, a 
black film of 
s u 1 ])h i (1 of 
silver forms upon 
its surface. It 
rt'sists the action 

0 f c a u s t i c 

•ilkalies, and is 
lluMefoie used 
t o r in a k i n g 
I'lu'mical vesst'ls 
to c o n t a i n 
ca-’istic potash 
and soila. It is 
the best con- 
ductor of heal 
and ('k'ctricit v. 
Its melting-])oinl 
is centi- 

grade. Owing tt) 
its softness, it is 
not durable mi- 
It'ss alloyed with 
a litth^ co]q)er. 
SilvtM’ is chielly 
used for coins, 
]) 1 a t e , and 
jewellerv', but it 
is also used in 
j>h o t ogr a ])li y . 
Like gold, it can 

1 Hi wovt'U into 
cloth. 

The principal 
silver - mines in 
the ])resent day 
are in Nevatla, 
('olo ratio, Bo- 
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Ill tlic cl.'iy*' IkToic- history, iii.iii's c:i.v;crnc.s.s fur tin* on-* l<iiis im i.ils linilmiiit' ilU- 
i-xish-d, tnul ihc periN of thcs»* e.ii ly advciitiiros «h»ii)illfs'> riso ti> tin' f.i'inoiis 

of lh«* tiulclt-ii Flrorc, \vlii<.h h.is .'i basis in m tiial f.tt.t. To britu; tin- llin «■ 
b.'irl-: to ( Jrt’C't.o, the iiinler J.'ison, traversetl ihi- Hl.ii k Si-.i to l.'i i|c. his 

ill Asia. .111(1 w rested, from .i fabulous fire-breiiibini; iiioii'.ter, a ram*'- I ■^old. 

The “Ooldeii Flf(.-ie” |s not all mere lei'eiid. foi shcojiskiiis w i-re .u tu.illy iisi «I 
ill llie to (..iliJi p.ii (if les of .ilhi\ iai P'*" w.ishing the mmei.tl. 


of tile a 1 c h (*- 
mists, who. in- 
tleed. considert'd 
mert'nrv' and sul- 
])hur the father 
:i n <I mo t h t* r 
ol all t‘ienu'nts. 
It oc c u I s in 
Natnri' (dii(‘lly in 
the lorm ol tht* 
red s n 1 j) li i tl e 
called crniuihur, 
and is e;i s i 1 v 
sep:irat(‘d ti’om 
tliiit sulphide in 
a pure stall*. 
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Ihnt* inei'cnry 
is used for ther- 
inomelers. baro- 


livia. and NeAv South Wales. In i()o0 the 
output of silv(*r from tile mines of Huan- 
oliaca, in Bolivia, amounted to 5,591,000 
ounces. Tilt* silver-mines of San Jose, 
ITolivia. were onct* so rich that when the 
owner’s first child was christt*ned the father 
laid a triple row of silver oricks for the 
'Sponsor to walk uptui from the palace to the 
' hurch, and afterwartls presented the entire 
j)avcment to the .sponsor, ’'fhe silver-mines 


m('tt*rs, manoineters. and is well known in 
me<licini‘ in the foiin ol “ bhu* ])ills ” and 
" grt'V |)ow(lers.” W'hen the red oxitlt* of 
mercury is heated, i1.giv(‘s t)ff its oxygen, 
and it was by exp(‘riments with this oxide 
that Priestley disco v(‘ri*d oxygtm. 

Lead, tin, anti /inc are useful but 
common])lac(i metals whose usi*s and chara('- 
ters are too well known to need to be 
rccountctl. 


b 57 


1 LI 




- 




















*J^ 




r^Ajp^ 


*^v 11 


SP 


M 








Brvl 






1*1*! ' 


'!«j 


^(fj 


^n forms of plant life arc lliose.witli many-celled organisms the unicellular— or on 

celled- animals or jilants being quite the lowest in Nature’s scale. The fresh-water aWa show 

who^^ P* W?1>H by Mr. J. J. Ward, is 1 

j I. nt> I he ^\hole plant body consists solely of a number of simple cells joined together. 
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THE MYSTERY OF SEX 

The Antiquity of Sex and Its Purpose in Life — Man the Innovator 
and the Liberal ; Woman the Maintainer and the Conservative 

CARRYINC; ON THE LIFE OF I HE WORLD 


I N the history of life it is clear that absence 
of sex, ami the coiiset|iicnt form of 
reproduction which we have called asexual, 
is hdlowed by llie evolution of sex, for th(‘ 
purpose or ])urposes, whateviT thev he, of 
sexual reproduction. Let us be (juite clear 
as to this last assertion. The evolution 
and maintenance of sex, whatever it im’ans, 
is most certainly not for the })ur})oses 
of th(; sexually dil'f(*r('n tinted individuals, 
male and female, hut it is definitely for the 
])Urpose of sexual reproduction, and thus 
lor the race and tlu* futun*. 

What ar(‘ the advantages of sexual 
reproduction, for which sex exists, we must 
in due course endeavour to discover. It 
is certain that they exist ; and recent work 
has proved, once and ior all, that the 
greatt'st of its functions, that of providing 
new variations and making ju’ogress ])os- 
sihle, is indeed discharged hy it, notwith- 
standing the confident veixlict of (Jiie school 
of workers, to tlie etfex't that variation :n 
the offspring exists as much under asexual 
as under sexual reproduction. 

If we are to estimate, in the first place, the 
importance and the vital depth of our sub- 
ject, we must observer how widely and con- 
sistently the fact of sex manifests itself. 
Having observed the siinjile one-c('lled 
animals and ])lants, such as anicKba ami 
i!ga and microbe, we saw that they were 
sexless, though it remains as a strange? omen 
n our memory that some of the one-celled 
-inimal forms have been observed to pair, in 
a fashion which seeans to ])resage and fore- 
shadow sex, though those creatures exhibit 
no sex-differences to the closest observation. 
If now we pass higher up the scale, whether 
‘>f animals or of plants, we soon encounter 
obvious and typical sex, and are clearly 
uiught that life has deliberately and con- 
''istcntly shown itself in sexual form, male 
or female, throughout all its stages, from a 


very remote time, along both the animal 
ami the vc‘getabl(‘ road. 

Hut until very rcci*nt years no one sus- 
pected how far (lown in the .scale sex was to 
iSe found. When we are dealing with crea- 
tures of the ama‘ba laaltirn, which only 
consist of one cell, and which have no bo(h’ 
to display diffi iences of sex, as the bodies of 
higher organisms do- creatures which are 
in(le('d all race, ami cannot be coimted as 
individuals at all — we do not find it credib!i‘ 
that sex should yi‘t havi; come into being. 
Twenty years or h‘ss ago any biologist 
would have said that, before wv can discern 
sex, we must at h'ast n‘ach the stagi* of the 
many-celled ci\'a ures. As thc'se evolvtul 
we slioiihl find that tiH‘y show tlumsi'lves in 
two forms, male ami female, according to 
the contrast(‘d tyi'a* ol their lx dies, and 
of the germ-cells which tlu‘y prodiic(‘ or 
which an* piodueed in lliein. Jhit si x in 
one-celled cn‘atiir(‘S — m vc'r ! 

The present writer well nnumlurs tlu* 
iiicreelulity with which he read the tirst 
accounts of the changes in foini and the life- 
history of the malaria parasite— a minute, 
one-celh*d animal organism found in tlu* 
stomach of ('crtain niosipiitoes, and in tlu* 
blootl of men suffering from malaria. 
Obscrvi IS declared that there wi*re slag(*s in 
the life of this creatun* when two contrasted 
types of cell were to be lonnd, and thes(* 
contrasted tvpes, as their form and beha- 
viour showed, were male anti female. How- 
ever, actual obsi*rvation must convince the 
m( st incredulous that the facts are so, for they 
can be directly observt'd under the micro- 
scope aiul must be accepted. We now know 
that there arc many kinds, no one yet knows 
how many, of one-celled organisms which 
display sexual forms: and we liave to realise 
that sex is thus vastly old(*r and far inon? 
deeply rooted in the very nature and nt'cessi- 
tics of life than we had ever supposed. 


EMBRACING BIOLOGY- EVOLUTlON-HERHDlTY CONgUEST OF DISEASE 
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Those new discoveries in the realm of the 
microsco|)ic and most luimhle forms of life 
thus increase our estimate of tlie importance 
of sex and its function in the living world. 

't here is, however, anotlu r question which 
we must answer bcfon' wr are content to 
infer the importance of sex fnmi its anti- 
quity and long ])(Tsist(‘nce in the history of 
life*. It is a (juc'sti(^n wliich ])rimarily con- 
cerns the biologist and student of evolution, 
and which lu' must answer on the evidence, 
without a thouglit of any other inten*st. 

Does Sex Become Less and Less Important 
as Life Ascends ? 

Hut the answ(‘r to this (piest ion involves 
us instantaiK'ously in the very thick of the 
most topical and controv(‘rsiai and angry of 
political argunK'uts, lor it obviously in- 
voK'es th(‘ character and destiny of woman- 
hood and its luuctions in human sociedy, 
])resent and future. 

'rhi‘ (piestion is this. If S(‘x is a very 
ancient atlributec»f life, and is found among 
ver\’ humbh' and insigniticant sp(‘ci(‘s, may 
we not inul that the truecours(‘ of (‘volution 
has been, is, and must be to control, narrow 
down, and even substantially .obliterate 
sex-dilTer<‘nces ^ 't he \'ery argument as 
to th(* imj)ortan('(' of S(‘X, which is (U‘riv(\l 
from its newly realisi'd an1i(|uily, is also an 
t argument, or may be madi’ oiu', in favour 
ol the view that, as life ascends, sex ought 
to b(’com(‘ less imi)ortant : and, in short — • 
tor w<‘ are on thin ice here, in our impartial 
scientitic iiuiuiry that womi'ii should have 
Notes and should comj)ete n\ ith mt*n in every 
sj)here of human existence and activity. 

Our busiiK'ss here is t(» do justice to the 
scientitic truth, and on no account to let it 
be mixed u]), much h'ss soiled and dis- 
honoured, by the passions and i)rejudices of 
mc'ii and NNomen, least of all l)y the most 
disastrous and abominable of jiassions, sr‘X- 
antagonism, which works foul mischief in 
human life* e(]ually whc*n dircctc'd by men 
against N\omen or by women against men. 

Nothing can Endure which is not Based on 
Sound Argument from Nature 

Also, the man of science', in stating the 
facts as he sec'S them, re(|uires to j)rotect 
himsi'lf and them from those; who proceed 
to argue therefrom, on any side*. It is 
ncce'ssary to argue from scientitic facts. The 
man of science declares, index'd, that nothing 
is true nor durable nor ultimately useful, 
in individual or national life, which .is not 
based upon sound argument from nature. 
But his experience sadly teaches him th^it 
fact and interpretation are constantly con- 
founded, and that he no sooner states a fact 
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than ])eople seize upon it for their own pur- 
poses, and oftc'u assert conclusions there- 
from which the man of ,scienc(‘ knows to be 
dubious or even false. Here, therefore, 
the facts of the evolution of sex are stated, as 
is our present duty ; and all conclusions 
based thereon by all ])ersons who have 
already made u|^ their minds are disclaimed 
as without warrant in science. 

The contrast betwee'ii the st'xes is most 
marked among insects, Nvlu're* the rule is that 
the male's are smaller, weaker, shorter-lived, 
and grossly in ferie.)r in instincts and what N\ e 
may pe'rha])s call morals, as bees, ants, and 
was])s, to lake the most cele*brale*el cases, 
abundantly illustrate. It is true that sex- 
differences among vertc'bratcs are not so 
great as among theinse*cts, and it has hence- 
be'em argue'd that sex-differences are diminish- 
ing as life ascends. This is to assume*, 
together with many other arguable points, 
that ve‘rte‘brale‘s are* ele'se'enek'd from inse'cts. 

'I'hat was not the case*. The insects and 
the.*ir (.‘Volution are* pe’culiar, apart, notable*, 
and admirable inel(*e*(l, but incapable ol 
proving what many attem])t to ju'ov^*, 
though they do illustrate truths of general 
import. We do not know where* the insects 
are* going, nor what, so to say. tli(*y are alter. 

The Effect of Sex Difference on the Achieve- 
ments of Insect Civilisation 

We do know, ho\ve*ver, that in a host ol 
resj)ects their e aj)acitit*s, and espe'cially tiu'ir 
social and racial life* and organisation, an- 
vastly su])erior to ours ; anel the argume'ut 
from the inseeds may ve*ry well be*, in reality, 
that if we are to attain a higlK*r, le*ss wasteiul, 
more admirable* civilisation, Nve* must ha\’e* 
not U*ss, but more*. elilferentiatif)n betwe*e'ii 
the sext*s, lor there e an be no doubt that the 
achievements of insect civilisation entirely 
depend upon, and involve* a far greater 
uu*asure of. se*xual eIilfe‘rentiatiou than any- 
thing to be found among the verte*brate'S. 
Obse'rving, then, that the argume*nt from the 
insects cuts both ways, and reeiuircs more 
analysis if it is to serve the cause of truth, 
we may leave them on one side, and proceed 
to the ('Volution of se*x in the line ol animal 
progre'ss, at the extremity of which stand^ 
man, the pioneer, himself. 

The CN’idence is clear — much more so now 
than even t\yeiity years ago — that the open 
road of life has been taken by forms in 
wdiieh sex lias been progressively more, anel 
not less, important. In sheirt, sex is an 
early instrument of life, early because 
essential, as it w’oiild appear, to life’s pm 
poses ; and the instrument becomes more 
pow'erful, more delicate, more subtle in it^ 
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\V()rk, ana ever inon' absoliiU'ly cssc'ntial to 
the advance of life, as life aclvances. This 
is the evidence afforded hy a survey of 
living forms in general, not animal only, but 
also vegetab e ; and it emphasises the im- 
portance of sex, with all the force of im- 


measurable experience, 
say. in any connection 
lliat the trend of 
evolution is towards 
the obliteration of 
scx-differeiKC. 

In tlu‘ judgmcMit of 
t h o s e w h () h a v e 
thought longest and 
most seriously an this 
(piestion, the demands 
of further ev’olution 
I 'lpiire not less dif- 
ferentiation t)f sex, 
but a j lister apjire- 
ciation, by men and 
women alike*, of tlu* 
natural. indis])ensnble 
difference b c* t w e e n 
them, iiuaadicable 
save at the (ost of 
the raci‘ itself. Thus, 
if the liistory of sex 
is to be trusted, there 
will always lu* room 
and need for a i'i‘rtain 
leminism, but it will 
be a doc trim' which 
jwoclaims the rights of 
woman to be a woman, 
not to bi' a man. 

It wen* w(*ll to n*- 


against those who 
or for any purpose. 



awaiting complete (hsco\*ery, of sexual, 
as distinguished from asi'xiial, reproduc- 
tion. Ih'fore we study the essi'iitial facts of 
that proci'ss, we should endi'avour, by a 
survey of male and female forms, as the 
world (if life displays them, to state what is 
the essential dilterencc* between tlu* si'xes. 
It needs little looking to show that the 



difh'rence is not one 
of size or colour, or 
int('lligence or musen- 
laiity, or external 
lorm, or any othi'r ol 
those things which 
most ri'adily occ ur to 
us. These difh'rencc's 
exist, but there is no 
constancy in t hi'in, for 
sometimes tin* male, 
soinetinu's the (email*, 
may have the advan- 
tagi*, in th(‘Se or in a 
host of other particu- 
lars. The essential 
diffi'ri'nci* lies deeper ; 
and W(* owe its lirst 
ade(]uate recognition 
to till* two distin- 
guish (* (I vSeotsmen, 
JM*o f I'ssor Pa t r i c k 
(ii'ddi's and Profi'ssor 
|. A. 'riiomson, whost* 
famous book on the 
“ J*Aa)lution of Sex ” 
has establislu'd the 
matt(*r onct* and lor 
all. They showed the 
1‘ssential dilfi'ii'iici* bi - 


turn quickly from 
these* questions of in- 
lerjiretation to tin* 
(acts ; but tlu^ facts 
('ould not b(^ appre- 
ciati'd until we had 
detinitely satislied our- 
selves of th(' iiliport- 
ance of sex, as proved 
by its almost in- 
credible an tiipii t y, 
very nearly I'oa.val 
with life itself; by 
its pcrsistimcc, its con- 
stant exhibition in 


I 



Tin*. SKXKS IX INSMCT 1,1 CK 
In iiisc'c ts the runlr.iM lielwt rii ilii- tMisuaily nn^st in.-iikcil, 
llic.- nili.- lluit llie inalrs art- Miialk-i, wi-akfr, shi)rt- 

.'iiul Kr‘'ss!y iiiffrinr in morals ami iiistiiM Is. 'Ihrsf 
pii I III cs slniw bolli sexfs of llio wasp, the in-i-, llie am, and tun 
kiln!’, of spiders, th- funiali.* in t-.'n h hein;4 on the riL;lil. 


twi'i'ii the sexes to lu* 
that the lemale sjiends 
a less jirojioi tioii ot 
i*ni‘rgy in tin*. ])resent 
and for JieiM'lf, as 
compared with the 
jiroportion slu* sfori’s 
11]) for tlie fnturt* (»f 
till! rata* ; while tin*, 
male ke(‘])S and di*- 
votes li'ss of his vital 
])owers to tin* future 
of the ra('(*, and 
s])(*nds more iij^on 
tlu* presi'iit. 


vegetable and animal life alike, its con- One cannot eat one’s caki* and have it. 
spicuous developmi'mt, and evidently Evi*rv living individual has a certain amount 
indisj)ensable function, in the highest of energy to use. Iftlu'lawoftlieconserva- 
achievements of life - the so ;ieties of insects tion of energy means anything, and if it 


and the societies of man. 


applies to living beings, as it assuredly does, 


It has alrcadv^ been argued that sex exists it means that they must in every case make 
for the purposes and thq advantage's, still some adjustment between what th(*y spend 
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tipon theniselvos and what they keep to 
spend upon the future. The physicists 
teach us to think of energy as eithei 
P tcntial and stored up, or kinetic and in 
action. Now. the essential and necessary 
difference l)etween tin* female organism and 
the male organism is that, though both have 
themselves to maintain by present action 
and e.xpcnditun*, and though thev have flu 
future to contribute to and provide for, b\ 
stt)ring up eiuTgv, and not spending it, tlu 
ratio of e.xpenditure to thrift is iiigher in the 
male and lower in the fenia e. The male 
spends, mova*s, seeks, destroys, inv^ents, 
obtains ; the female saves, stays at home, 
is patient, constructs, rejects, maintains. 
He is the innovator, the lilxTal ; she the 
maintainer, the conservative. Tlu^ theme is 
a great one ; but those who desire to acquaint 
themselves with its entirety should consult 
the famous, compart, and readable volume 
in which it was first established. Our present 
business requires tin* noting 
of only one further point. 

It is that tlu'se essen- 
tial and geiK'r.'il diftor- 
(Mices of sex, clearlv dis- 
playt'd by normal and 
typical members of eith(*r 
sex in anvsp<‘ci(*s, are also 
dis])layed by tlu‘ germ- 
(‘(*lls whic h it isth(' e itial 
business ol the indiviclual 
organism to pioduce and 
protect for the supreme 
need of rcjiroduction 
and race mainte;iance. 

When we come to s luly 
WVismamrs work we sliall 
ree that, in a sjurial and limited sense, 
germ-ce'.ls are j)erhaps not produced by, 
though produced in, individuals. Mean- 
while we may speak in t he ordinary language. 

Observe that the difference between the 
sexes, as defined above, is no more than a 
matter of proportion that the ratio of self- 
j)reserving to race-i)reserving ex])enditure is, 
on the average and typically, higher in the 
male organism than in the female. But 
obviously we require also a clear under- 
standing of what it is that makes any given 
organism male or female respectively. The 
answer is .positive and fundamental. A 
male organism produces one kiiid of germ- 
cell, and a female organism produces 
another kind. NN’hatever organism produces 
male germ -cells is a male, whatever produces 
female germ-cells is a female. Again, thp 
great principle is true that by the f.uit is 
the tree known. 
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Now. the p)oint we require to observe is 
that the difference between male and female 
organisms, already defined, is shared by 
their respective fruit, the germ-cells. The 
rule, which we find ecpially and indifferently 
illustrated in the case of the highest specit s 
and the lowest, animal or vegetable, is that 
the male germ-cell is active, mobile, and 
usually smaller ; while the female germ-cell 
is passive, stationary, and usually larger, 
btrause it usually has associated with it 
a lesser or gn\ater quantity of stored-up 
cmergy, in the form of food for the young 
life that is to be. This we see in the'bird’s 
egg, in the ovary of a flower, and in a 
thousand other cases. We do much less 
than justice to the principle discovered and 
elucidated by decides and Thomson unless 
we complete the argument by recognising 
that the great, the only uiupiestionable ancl 
cardinal, difference between the two sexes 
is to be found not merely in the bodies and 
behaviour of individuals of 
the two sexes resptictively, 
but a’ so nearly always in 
the nature and behavionf 
of the germ-ci*lls which 
those bodies produce'. 

We must beware of a 
most excusable' confusion 
which is almost general 
among not only students 
but also the less recent 
expositors of this subjc'ct. 
When we talk, as we do. 
and as science will c'ver in- 
creasingly do, of male and 
female germ-cells, we must 
understand that we an* i c - 
ferringto the parent, the organism that ])ro- 
duced them, not to the organism which they 
will produce. A female germ-cell is so called 
because it has certain characteristics, 
which are alscj to be femnd in the in- 
dividual that produced it. But this germ- 
cell might well contain maleness, for it may 
become a male individual. Mothers have 
sons, we all know; and if we think about it 
at all — which is very improbable, with 
new editions of the evening papers coming 
out every moment — we probably supi^ose 
that the maleness of the son is derivecl 
from his father, and the femaleness of a 
daughter from her mother. The. case of any 
species which shows “ alternation of genera- 
tions ” disproves this, for th^re w'e find 
offspring of both sexes being produced by 
an individual which is female, if anything ; 
and the production of drones by the unfer- 
tilised eggs of the queen bee is conclusive. 



GERM CELT. OF rLANT-T.IFK 


\ section a( ro,ss a |Jollen (;rairi, showiin; llic 
mulfi whicli start the fertilisatiuii of plaiit-Iifc 



THE BIRTH OF PLANT AND ANIMAL LIFE 





These pictures represent the astonishing process by which is produced the first complete cell of plant or animal life. Shown lu re 
largely magnified, these cells are actually invisible specks, yet holding within themselves all the potentiality oi life, all the 
characteristic*) of the individual, with its infinity of variations. In the top picture the cells arc seen aijproucliing each other, and, as 
they come together, the centrosomes of the two cells leave the cells, and, as shown in the second picture, begin to develop the .'irhrom.atin 
filament which ultimately links them, as in the third picture. The chromosomes att.ached to each filament now combine tf) f-irm the 
first cell of a new organism, and the union of the two cells has thus created a power that neither had before— the power of building up 
a new individual. The new ctll hasalso the power of reproducing itself, as shown on page 536, until the organism ii complcisly built up. 
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In this remarkable case, which upsets 
all our i^reconceptions, and gives us entirely 
new and lasting concej^tions instead, we 
find that tli(^ female germ-cells produce 
males so long as they do all the work alone, 
but that if the female germ-cells be fused 
with male germ-cells, the resulting indi- 
viduals are female ! We ought therefore to 
know what we mean, and w'hat we do not 
mean, wluai wc- sj)('ak of male and female 
germ-cells, and we are to be ])rei)ared to 
iind a female germ-cell carrying the cpiality 
of maleness for the iiidiviclual which is to 
hi; formed therefrom, or a malt! germ-cell 
carrying the (piality of femaleness. 

The Central, Essential, and Creative Fact 
of All Sex 

'riit' confusion of languagt* is unfortunate, 
lor it st'cnis absurd to speak of that as a 
femalt! genn-ci‘ll which is indet'd none other 
than an immature male individual, but tlu! 
confusion is the penalty of trying to say 
things too (|uickly. 'It) be accurate, wt! 
should say, not “ female germ-ct'll or 
“ malt' germ-cell,” but gt^mi-cell I nun a 
female or a male organism respectively - 
ovum t)r s])t‘rm. if we happen it) rt'h'r tt) 
ai.imals ; ovum t)r ]iolleii-cell, if tt) plants. 

And iu)W' we comt' to the central, t'sst*n- 
tial, mystt*rious, ert'ative fact t)f all sex, 
which is that sex exists lt)r sexual rej)rt)- 
duction, which consists in tlu' fusion of 
twti germ-cells, male and female, in such a 
way that they bt'comt' a single cell, which 
is ihe new' iutlividual, anti may itself be of 
t'ither sex. The t)ak, the whale, the lt)bstt*r, 
each is at first a single cell, thus ftirined, and 
St) alst) is the body (»f man. 

'fhe supremt*, creative act of cell-union is 
t'fft'cted by the fusit)n f)f the twt> nuclei, 
w hich are tht‘ esst'utial ])arts t)f the male and 
lemale germ-cells gametes, or marrying 
C(‘lls, we shoultl now' call them. But these 
gamtdes must nt)t unite until they are 
mature; anti their unit)n will be unintelligible 
to us until we ]t)t)k at the prt)cess which has 
been knt)wn for many yt'ars as the matura- 
tit)u t)f the germ-cells, and is now' known as 
^auii'/o-^cncsis — the genesis of gametes. 

The Process withiA which All the FacIs of 
Heredity Lie Hidden 

Within Jhe details of this proct'ss the facts 
and nu'thoils t)f ht'ietlity are hidden, and 
now. indeed, ])artly rtwealed ; aiul that is 
the best of reasons w hy we shoultl .under- 
stantl tlu'ir natun* as soon as possible. 

The body of an individual, male t)r female, 
t)f any typical s|)t'cies, animal or vegetable, 
tlt)es not contain an intleiinite number of 
ripe or mature germ-cells, but a number of 
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cells, between them constituting what w'e 
so often refer to loosely as the ” germ- 
plasm,’’ which are engaged, throughout 
the reproductive life of the individual, in 
j)reparing gametes fit for union. This is 
ganieto-genesis, and it is a most complicated 
and elaborate process of cell-growth and 
coll-divdsion, which is being gone through 
continuously by the reproductive or racial 
tissues of all the higher animals and plants. 

But the essential phenomena of gaineto- 
geiK'sis are only to be observed through the 
microscope, and they are unmistakable and 
])iir])()sive almost beyond vital jjrocesses iu 
general —which is saying a good deal. What 
we find in both sexes is essentially this : 
cells in the racial tissiu's — found in the 
n'productive glands of animal or ])lant - 
divide and divide again, until one final 
division, which is difh'icut from all preceding 
it, and, imUu'd, from all other processes of 
cell-division found ('Isi'where. 'fhe pecu- 
liarity of this last division of the mother- 
cells, as they may he calk'd, {)f tlu! gametes, 
is that th(' chromosomes an' not split awd 
divid(‘d among the daughters, as they are 
in all other cases. 

The Amazing Process upon which the Pro- 
gress of Life on the Earth Depends 

The very last cell-division, the result of 
which is tlu! final gamete, male or femak', 
as th(' case may be, ignon's the ordinary 
ruk', and in\'olv('s an allotment of the 
chromosomes of the nucleus among the 
daughter nuclei, so that each daughter 
nucleus gets lialf of the number of the 
chromosomes in the })arent. Siip])ose, thus, 
that Iwonty-four is the normal number of 
cliromosomi's lornu'il in the dividing nucleus 
of any cc'll of the body in the spi'cii'S in 
(piestion. W'e know' how, when ordinary 
(livision occurs, and lunv cells are formed, 
the chromosomes an' split up, so that the 
new’ cells have as many as their parent. 

But in the final division of thecx'llsin the 
reproductive tis'^ue— the division of which 
the progeny art! tlu' gameb's tlu'inselves tlu' 
chronK)somcs are clistributed, so that each 
final or ” ripe ” or ” mature ” germ-ccll 
has one half the number of chroiiiosomcs 
proper to tlie s})ecies. In the case in ques- 
tion, therefore, ('ach gamete, wlieiher 
formed in the male or in Jhe female 
bodv, has only twelve chromosomes com- 
posing the chromatin of its nucleus, in- 
stead of twenty- four. And, so far as wt' 
can judge, the whole amazing process of 
gameto-gen('sis, or gcrm-cell formation, as 
we see it in the reproductive glands of 
animal or plant, exists above all to effect 
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iliis remarkal)l(' “ ivdiicticai of the chromo- 
somes,” as it is called. 

WhciK'vor, then, we examine a germ-cell 
or gamete, of any individual of any s])ccies, 
and find that its nuclear chromatin consists 
of, say, tweK'e chromosoiiK'S, w(' shall not 
declare that twidve is tlu^ characteristic 
number for the species in qiu'stion, but 
shall expc’ct to find, and shall find, twiailv- 
lour in all llu* (adls of its body but thes<\ 
Several of tin* nmnbers formerly stat(‘d to be 
cliaracteristic of tlu' cornsponding s[)ecies 
K'quire to be doubh'd, as th(‘y are the 
nr.inbers found in the germ-c(‘lls, in which 
the “ reduction of tin* chroinosoines ” has 
halvt'd their number. 

It neetl hardly be said that what we 
('an onl\' ('all tin* objivt of this n'duction 
is to creat(‘ a nucleus, 
male or female, so 
('onstilnted that it re- 
(|uir(‘S the addition 
of anotlu*!' similar 
nucleus. female or 
inAle, to make it com- 
pl<'t(*. after the fashion 
of tin* s|)(‘ci(‘S to 
wliich it belongs. I'ln^ 
n(‘w nucleus has its 
c o m ]) 1 e m e n t o f 
(dinunosomes ; and its 
division, and the in- 
nnmerable divisions of 
its (k'seendants. to 
]nake tin* body of tin* 
new individual, are 
conduct(.'d so as to 
inaintain tins number 
throughout. 

Within the last few 
years the discovery 
has been mad(* that 
tlu'se rnh‘S aj’e not observed in the case 
of the disease calk’d cancer, which con- 
sists of an abnormal cell-growth in tin* 

bodw dliere is evideiu'e t(» show that 
the proc'css of karvokinesis in tin* cells 
of a ('ancer is wholly unlikt* that ol 
normal b )dy-cells. and is more allied to 
tin* type of nucl(‘ar dix ision which we see 
in the formation of g('rm-cells. 'I'lie stu(k*ntr^ 
of cancer an* agreed that this fact is funda- 
m(*ntal, and are now using it, with de- 

linitely appnxuhing success, as a dm* in 
tlu^ sean h for tin* ( auses which k*ad cells 
of the body to bi’have not as c(*lls of the 
body should, but ratln’i* like* cells of a new 
and alien g(*neration. This is not tin* 
place to discuss the subject further, but 
the facts are profoundly instructive in 


teaching the unity of science amid all its 
multiplicity, and the fashion in which 
remote liiu*s of ri'search an* bound tog(‘tlu*r. 

The gami’tes. male and female, now unitt*. 
Tin* circumstanc(*s are intinil('ly various, 
but the essential fact is one and the same, 
whether w(‘ study the fertilisation of a 
plant, the sln'dding of tin* ova of a fish and 
their fi’itilisation in tlu* water, or the 
variems means bv width llu* gametes an* 
yoked, to torm oin* cell, in the case ol tin* 
higher animals, and many of tin* lower 
animals too. It is suirn'ient to note that, 
in every sp(*cies whi'ie the mother sustains 
tin* new' life within her own body, and abovt* 
all in the cast* of tlu* mammalia the bt*st 
n'j)res('nlatives of tlu* animals which bring 
lorth their young alixi* the fusion of inak* 
and fi'inale ganu'tes 
occurs w ithiii the body 
of the mother, where 
tlu* dex’elopment of 
the new' being tan 
take j)la('e in the 
greatest certainty and 
safety. 

The essential fact in 
all ('ases is not the 
conditions or circum- 
stances ol tin* cell- 
union, but tlu* fact 
that it occurs, and 
that tin* fusion of tin* 
nnek*i is of the most 
p(*rf(*('t and intimat(* 
character. Tlu* in’w 
being, formed b\’ this 
X'oking. or pairing, is 
('ailed tlu* cyge/(’ that 
is to sa\', tlu* yoA'i’ii - - 
and all our studies np 
to this point find their 
conclusion in the fact that tlu* /.vg(d(*, as 
re])res(*nte(l b\' the single* ninleus with a 
('ell-bod\' outside* it, of course* from which 
all the (iex'elopment e»f the future* sj)rings, is 
eejually constituteel e)f the nue'k'us derived 
from its lather and the* nuck*us derixe'el 
Ireun its mother. 'Fhat is the me*aning e)t 
tlu* whe)k* preu'ess. No se'x-antagonism, no 
vaunting e)f e)ne se*x ove'i* the othe-r, is here* ; 
ne> warrant fe)r anything but se*x-harmony, 
ce)-oj)(*ratie)n, anel eepialitx'. The new 
nuck*ns is ce)nsti uct(*d-eepiall\' fre)m pat rnal 
and maternal mate*rial ; anel tin* tnsion of 
the chre,)ine)se)mes fre)m these two sources is 
intimate* and detaile*d beyonel tin* j)owe*r 
(*V(*ri of tlu* highest mi('rosce)pe* to obse*rve'. 

The chromatic network e)f the new’ nue leus 
is thus, though single, ye*t double ; it is ol 
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double origin, for paternal and maternal 
substance arc yoked in every portion of it. 
When it divides, which it docs in the 
fashion now familiar to us, its chromosomes, 
as they split, each carry ]:)aternal and 
maternal stuff to each daughter-cell, and 
so on to the end. Iwery skin-cell of the 
myriads wliich we shed every time we 
wash our hands contains a nucleus of 

which one half was derived from our 
mothers and the other half from our fathers. 
A generation ago Huxley said : It is 

conceivable, and indeed probable, that 

every part of the adult contains molecules 
deriv('d both fnmi the male and from the 
female ])arent ; ami that, , 
regarded as a mass of 
molecules, the entin*- 
organism may be com- 
])ared to a wel^, of which 
the warp is derived 
from the female and the 
woof from the mal(‘.” 

To this most admirable 
speculation, now justi- 

fied, Professor 1^. H. 

Wilson, author of tlu* 
standard treatise on the 
cell, adds the com- 

ment : What has since 
l)een gained is the 
knowledge that this w(‘b 
is to be sought in the 
chromatic substance of 
the nuclei, and that the 
centrosome is the weaver 
at the lofjin.” 

Fertilisation, or the 
process of making fer- 
tile, is the old and in- 
telligible name for that 
which enables a lU'w 
life to develop. 'I'lu* 
gardener and the agri- 
culturist, the botanist 
and the student of heredity, liave long 
thought of the clemi'iits derived from 
the male organism as somehow making 
fertile the life which is latent but un- 
realised in the cell of the female organism. 
These cells in animals or plants we may call 
by the old name of ov(t, and we assume that 
the ovum waits for the coming'of the pollen 
in the case of the plant,- or of the sperma- 
tozoon in the cas(‘ of the animal, to make 
it fertile. The jm])lied idea is that the male 
inn-jonco is a fertilising, stimulating one, 
but that tlie mother is the real parent. 

The contrary idea is scarcely less familiar 
In men’s thinking on these matters. Argu- 
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Oiir knowlufljje of the conditions under which the simple 
w;itcT-planl> called aljj.u pass ihrouKh lln- critical st.-i^i-s 
of their lifK-c>cle is still vei y imperfect, but this iihoto- 
j;rapli represents what happens as far as we can oijserve 
the pr«.«cess. Not posscsse*! of the oi dinary methods of 
leriilis.'ition by means of pollen and pistil, the al^a casts 
itsspoies into the water, wdiere they rest on the mini. 


ing from the facts as they appear amon;^ 
the higher animals, for instance, men ha\ . 
argued that the father is the real parent - 
as the transmi.ssion of surnames in most 
human societies suggests — and that tht 
mother is only the host, vessel, trustee, 
nurse, temple of the new life. 

The facts directly contradict both 
theories. Neither the mother nor the fatliei 
alone is the real parent, as the abov • 
theories implied ; the new nucleus is formed, 
with strict and most minutely detailed 
justice, of elements ccpially deri\\*d from 
both. So far as hereditary transmission is 
concerned they arc absolutely e(]ual. Yei 
it is worthy of note tliat, 
in iiujst cases, the f email' 
gamete and tlie male 
gamete each bring with 
them something, for the 
s('rvice of the new liU . 
beyond what actiiallv 
goes to the constitution 
of the now body. As m 
rule, tlui female ganfi'lr 
brings with it a store ot 
nutriment, which, in tli(‘ 
case, for instance, of 
the bird’s egg, may bn 
amazing in hulk. This 
nutriment is not tin* 
gamete, but accom- 
panies it. The vast 
majority of ova arc 
more or less snpjdied 
^^ith this store of energ>' : 
and we note the exac t 
corrcspt)ndence of tlu- 
facts with the theory ol 
Geddes and Thomson 
that the female sex 
stores and conser\-es. 
rather than spends. 

1 list so do we find 
that the male gameti'. 
pollen-cell, or spermato/ooii brings with ii 
something which is more than its nuclcat 
chromosomes. It appears that, at any ratr 
in many observed cases, the female garnet* 
has lost its centrosome — ;that curious bo(h 
which lies beside the nucleus of a typical 
cell, and starts its cUvisiori, The ovum, or 
female gamete, to^usc the jnorc definite 
term, has a nucleus, but no centro- 
some. : 

The nucleus could not divide if it would, 
for the centrosome, we saw, is the initiator 
of nuclear division. Now, when we stud> 
sperniatozoa very carefully under the micro- 
scope, we find that, in a wide variety of 
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^prcies, they contain, in addition to the 
‘^scntial nucleus, a minute particle which is 
n iilly a centn.scme. That centrosomo of 
ili(‘ male gamete hecemes the ceiitrosome 
)1 the mw cell, formed by Iht' union of 
iiale and female gametes. When the cell 
liviiles and proc<*eds to develoj) into tht* 
,( \v individual, it is the* c(*ntrosome, de- 
iv(‘il from tlH'fatlu r. that starts the ])rocess, 
ind kee])S it going, inventing, stimulating, 
jicnding, moving ; and it is the store of food 
ironght by the female gamete that makes 
li(‘ first activity of the centrosome j)ossibh‘. 

We see, then, how exactly - nay, how ex- 
liiisitely — the functions of the two sexes 
lie co-ordinated in the business of repro- 
liiction, and hew tlieir mutual relation 



when fused becoming a new life, to carry 
on the race and to further the great purpo-t 
of the world. 

Lastly, we realise, as never bt*fore, that 
every indiviilual which has been formed by 
the process of sexual re|u*(Kluction is a 
double being, formc'd of a part derived 
fn in t‘aeh pari-nt. 'riu* nanu' of zygot(\ 
which modern biologists have now agrei'd 
to us(‘, exactly i‘xpress(‘s this truth that 
the lUAV individual is twofold, made of two 
])arts which an* yokt'd to form tine. This 
statement in itself may seem of small 
importance, but when we attempt to 
unravel the facts of heredity we discover 
that this double character of every indi- 
vidual, one as an individual, but two from 
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! lust- iwn IlciWi-iN uii tht; sanir luv^onia plaiit sliow ihe differt-ner of iIik sext:', in plaiil-lifc 'I’li.il on llic: kll in llio iiial«; flowor, and in 
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nid service, in tins world of the micro- 
'( opic, correspond with the mutual relation 
)f the s(‘xes in that larger world which we 
all the life of mankind. The old idea, so 
nuch thought about for thonsauds of years, 
hat man is the microcosm, or little world, 
orresponding to the macrocosm, or big 
Aorld, is abundantly paralleled when we 
ompare a typical marriage in the world 
)f man, the bride bringing her dower and 
ler patience, and the groom his energy and 
ourage, witli this marriage of the gametes, 
hie one with a capital of. food, and the (;ther 
Aitli the centroseme and its initiative, each 
n the eyes of Nature equal, each imi^otent 
ATthoiit the other to create, the future, yet 


the point ofvii'w of ancestry and offspring, 
is tlu' master-key to the prol)l(;ms of hen'dity, 
as Mendel taught an iihlisttiiiing Wfuld from 
his monastery garden in Hninn nearly half a 
century ago —he wlu>se incomparable re- 
searches have proved to l)e of such nivqne 
value to the student of life in the twentieth 
century, as we have read elsewlier.e in this 
work. 

Meanwhile we arc confirinted with the 
new nucleus, the single cell or zygote, 
which may develoj) into an oak or a whale, 
or a new individual of any sj)ecies ; and 
in its tiny and well-nigh inscrutable coun- 
tenance we try to read the increflible and 
miraculous story of Develoj)ment. 
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THE GARDEN A NATION COULD LIVE UPON 
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IVincc Kri)polkin estimates that by scientitic gardening it is possible to produce in one square mile all 
that is needed for the maintenance of 6oo pedple. At this rate, by intensively cultivating the an .i 
shown as a ganleil in this maj3 of Cireat Britain, it should be possible to produce sufficient ic 
supply the needs of the population of the United Kin ;doin, not only in food, but in clothing als**. 





CROUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH- CHAPTER 6 


THE POWER OE THE SOIL 

The Scientific Cultivation of the Earth and 
its Extraordinary Possibilities for the Farmer 


AN INEXHAUSTIBLE 

W K have seen how full of life is the 
soil, how it is both a manufactory 
and a chemical laboratory. A pinch of top- 
soil contains hundreds of bacteria, who are 
performing many functions, too subtle even 
ibr the cliemist. They are not only work- 
ing at the stuff already in the ground ; they 
are even extracting material from the air, 
as in another way do the plants, whose 
growth they make possible. Again, this 
little bit of soil is ])rc)bably an amalgam of 
sogie ten or more chemical substances or 
elements, of which most are necessary to the 
])lant. We have heiird latel}’ some alarming 
accounts of the extinction of one of these 
chemical sul^stances, the compressed carbon 
which we call c<jal. Hut much more alarm- 
ing than the loss of coal would be the 
extinction of the fertility ot the soil, this 
top-soil in which so much is going on ; and 
nothing is more vital to know than the 
prospects of this fertility. 

From time to time men of science, among 
them Sir William Crookes, have jnophesied 
what may be called the end of the soil. 
They pointed out that if it once became 
exhausted of nitrogen, starvation would 
stare us all in the face. Haj^pily, recent 
discoveries and researches go to show that 
the soil is a mine Of wealth which can 
never be quite worked out. 

No doubt our farmers, if they are good 
larmers, put back into the land every year, 
or every other year, at least as much as 
they take out; and unless they do this, the 
earth, immediately sensitive to the neglect, 
returns smaller crops — the yield of the 
mine falls. Nevertheless the yield never 
quite ceases. 

There is an amazing patch of ground in 
Hertfordshire to which men make pil- 
grimage almost as if it were a shrine. No 
year passes without a visit from colonial 
and foreign farmers, especially Americans, 


MINE OF WEALTH 

one of whom declared that Americans have 
learnt more from this held than from any 
other agricultural experiment in the world. 
The ptatch is more than useful. It stands 
as a sign of proof to man that the earth 
will always be capable of bearing food. 
Every autumn for sixty years that plot 
has been sown with wheat, and every 
autumn a crop has been reaped and 
garnered. Not a teaspoonful of manure has 
been put on the })lot ; and yet the mine 
continues to yield its golden harvest. 

For many years — indeed, for nearly a 
generation — the harvest has not decreased 
at all ; and it is still as large as the workrs 
average crop. This is, of coiirsi?, a small 
yield ; very small as compared with our 
cultivated acres. Still, it is a crop worth 
reaping, and it does not diminish. It is 
now thought that it will never tliminish ; and 
that is, in itself, a suHiciently wonderful fact. 

The plot is like the widow’s cruse ; and 
its replenishing is ^is wonderful. A little 
wealth stolen from the air l>y tlu* bladi*s of 
corn passes down the stalk into the roots ; 
and so into the ground. The rain brings 
dow'ii with it a little wealth. Herha])s 
birds and Hying leaves and casual weeds 
add a little more. At an^' rattJ, somehow 
or other, nitrogen, the first agent in growth, 
is year by year restored or manufactured in 
the ground, and no other ncc(*ssary chemical 
is quite; exhausted. In early growth the 
wheat ])lants look as strong on that plot 
as on the best Helds, but that is because 
the wheat-seed itself supplies the first food 
to the plant, just as the egg supplies it to 
the growing chick. Later, the short straw 
and dwindled ear prov'e that the ground 
is poor, but the ho])eful fact is that this 
poverty does not seem to be progiessive. 
There is certainly no sign at present that 
the starvation period once |)redicted will 
ever be reached. 
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This Hertfordshire plot may well be 
compared with the plains of virgin soil, 
often, but wrongly, called inexhaustible, 
that make the chief wealth of Canada and 
other Western, and indeed Eastern, corn- 
lands. In these you can test the amou!it 
of wealth — that is. plant-food —as you can 
test the seam or veins of a gold-mine. For 
centuries vegetation has lived and died 
there ; and each plant has taken its food 
from the sun and air and rain, and stored 
it up in its own tomb. At the same time, 
those beneficicnt bacteria or llora of which 
we have heard have manufactured the raw 
material of the dead ])lants int<3 food of a 
form digestible by plants. Canadian farmers 
have the stored wealth of those centuries 
to draw upon ; and as one layer becomes 
exhausted all they havg to do is to plough 
deeper. Ultimately, perhaps, they will be 
forced to dig down for this natural manure 
and spread the lower soil on the u])])er, 
exactly as in the mines they must descend 
to lower levels. But so vast is the store 
of food that in some areas it will take 
centuries to exhaust it — that is. to bring it 
to the stage which almost all our land in 
England reached long ago. 

The Manure that Makes England's Soil 
Richer Every Year 

In England we possess Uiis old plant life, 
but it is in the form of coal, which was 
called “ bottled sunlight,”, or of p(‘al, which 
is vegetable matter unconverted or unmanu- 
factured into ])lant-fdod. Hut the upper, or 
surface, soil of England has long sinct* lost 
what may be called its natural fertility. 
In other words, the reserve of ready-made 
or, so to speak, predigested ])lant food, such 
as is found in loam, has been used up ; 
and though the ground will always pr(Kluce 
something, its fertility in the larger sense 
may be said to depend almost wholly on 
the manure added to the ground. It is, 
however, worth noting that in some places 
English land is growing richer as surely as 
Canadian land is growing poorer. This is 
the advantage of wliat is called intensive 
cultivation, and this is much more common 
than it is usually thought to be. Wherever 
hops are grown, or, shall we say, such fruit 
as raspberries, strawberries, or logan-berries, 
much more manure is put into the ground 
than the plant can use ; a:nd these soils 
grow richer and richer, like well-fed 
gardens. In • so-called Ererich gardens, 
which are the most intensis'e forms of 
cultivation ever designed, the old soil* is 
often sold at high prices, and nearly all of 
it consists of decayed vegetable matter not 
670 


use<l u]i. So it may come about that we in 
England use our coal very much as in 
Canada they use the soil. With the money 
made by selling it we buy cotton cake or 
linseed cake, which are given to stock 
which su])idy the manure, which makes 
English soil as rich in its way as the virgin 
soils of the great Nortli-West, or of Siberia. 
t!u‘ cornland of the future. Even our grass 
fields are accumulating wealth ; though they 
knew it not, the many farmers who let their 
jdoughlandgoout of cultivation in the period 
from iS()o to 1900, because it did not pa\’ 
to grow wheat, were allowing the fields, in 
some small measure, to accumulate riches. 

How the Sandy Tracts of Belgium have Been 
Made Fertile 

A very striking example of the many 
wiiys in which the earth shows its facility 
for becoming fertile has recently been 
recorded in Belgium, where the land is as 
carefully cultivated as in any country. Tlu* 
villagers in some sandy tracts which would 
only grow hr trees kept a great number of 
hens which were allowed to run at will in 
the op(‘n pine- woods. One day an investi- 
gation of the soil revealed tlie surprising 
lact that it had changed its charactei 
altoget her. It had become genuinely fertile. 
The trees were grubbed up; and to-day somi* 
of the* very best fields in JJelgium, holds 
which will bear a succession of croj)s 
throughout the year, are to be seen where 
some few years ago stood nothing but hrs 
'and j)ines. Partly the ]une needles, but 
principally the hens, had enriched the sand, 
and bound its loose granules, into a prope; 
mould. In this way, too, the wheat or 
maize prodiiceil by the fertile soils of new 
continents may give new fertility to the 
barren lanils of an exhausted region. 

We liave been speaking of the richness 
of soil in organic or vegetable matter. 
Jhit it has also mineral wealth ; and heie 
we are only just beginning to understand 
how very rich even an inferior soil may be, 
how it may resemble the widow’s cruse, or 
how, like the sea, it remains rich in spile 
of the millions taken from it year by year. 

The Mistake Farmers Make ia Letting Land 
Lie Fallow 

An interesting example may be taken 
from a comj^aratively new discovery in 
the art or science of farming. Each cro]i 
takes its sustenance from a different layer, 
as it were, of the soil ; some plants root 
deeply, some are scarcely covered by tin 
soil. It has been found therefore that ver\ 
much larger crops may be grown to tin 
acre where a mixture of crops is sown. 
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In Denmark, the great dair\nng country, 
where, above all things, fodder for the cows 
is necessary, such mixed crops as peas, 
wheat, and barley are grown together 
with very good results. Not long ago it 
was a much commoner practice to leave 
(ields fallow — that is. idle in order that 
they might recover both wealth and a 
::ertain sort of consistency. This is still 
done on the heavier soils, but the growing 
habit is very much opposed to leaving any 
land fallow. The very contrary is practisecl. 
Instead of letting the soil lie idle, the best 
farmers — those who make the mcjst money 


more harvests of ripened grain can be 
reaj)cd off the same ground within one 
summer. Onr English soil and climate 
cannot rival those of Nairobi, but they 
can do similar, if not equal, wonders. 
Lucerne, known across the Atlantic as 
alfalfa, can he reaped three times a year 
in England, giving each time a heavy 
crop: anti this dci'p-rooted vetch, which is 
steadily increasing its area in England, 
gives as good an instance as any of the 
ra])id manufacture of food by earth and air, 
which ever co-operate fruitfully for the 
profit of living creatures. 
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Thr French intensive system of agriculture iritviisifK-s the liglit and .v.arinth iif the sun hy humus of glass jjus. I ?y means of this 
system, and hy the application of inodcni discoveric*! as to soils, plant constifurnis, and inanures, it is possible to r.iise exceptional 

crops from a given patch of ground for an inclermitc* period. 

This photograph was takf’n at tin* Iturhill r'r«Mi* h l.anh'iis, W.iltoii-nn- 1 li.iihc's. 


— practise what is commonly called catch- 
cropping — that is to say, they do not let 
the land lie idle even in tlie winter months. 
They make the land yield them a cro]) 
between the reaping of the grain in autumn 
ind the sowing in late spring. 

The land, even in England, is ready to 
pour forth wealth. In some favoured 
regions, for example, along the East Coast 
of Africa, the richness of the soil, the heat 
of the sun, and the moisture of the air 
are such that the plains are a sort of green- 
house or forcing-frame, ip which germina- 
tion and growth are so rapid that two or 


What li picture of the vast energy of 
these two co-operators is offered by a field 
of maize, another crop tliat is growing 
rather more common in England ! These 
great plants, witli a stem thick as a young 
tree, with the broad, waving “ blades ” and 
the club heads of grain, grow from eight 
to tw’olve feet high in thick ranks that 
suggest a tropical forest. They produce 
grain a hundredfold ; their stems and leaves 
are rich in all manner of chemical products. 

We may taste the sugar in the stems as 
distinctly as the starch in the grain. They 
have breathed in the sun, ancl compounded 

671 



The pictures <m tlicsc two paj^os ri'pieseut the j^ra lual growth of i)l.int life. In the first jjictiire the 
withered i>oil of a bean is shown opened, the beans havinjj fallen to the ground. The autumn *'*^**^ ’ 
wash these -seeds into the crannies of the earth, where they are speedily covered by the loose ni(;ah- 
and so washed in by the rain. Thus the seeds lie dormant during the winter, hut with the coming oi 
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•‘'I’l'iiie; we see the first processes of germination. The root goes forth in searcli ot nourishment, and 
file leaves go to seek the sunshine, ^o matter lidw the seed lies, the root alwap tends to go down- 
'v.'irds and the leaves upwards, as shown in the two small pictures. In the last |/icture the plcUU 
established in the soil, and thQ leaves are mature, while another bud is tornnng tor further growth. 
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carbon, they have devoured the minerals of 
the earth sufficiently to leave, if the seed 
were burned by fire, a heavy ash of many 
constituents. And year after year, without 
any intermission, such produce comes forth, 
so that the wealth received from each 
patch would, if the crops could be piled 
up, reach out of sif<ht. Truly earth and air 
have worked together to some purpose. Of 
course, much of this great accornplishmcmt 
is due to yearly additions of manure to the 
soil, so that some ])eo})le almost regard the 
soil as little more than a sort of basket 
to hold manure. Hut it is pertinent to 
remember that the original and d(‘riv"ative 
meaning of manure is handwork.* Jt meant 
at first nothing more than hand cultivation : 
and few people quite realise hownuieli tillage 
by itsell can do, or, rather, how much tliesoil 
can do if it is tilk'd witlunit being tr(‘ated. 

That wonderful plot at Kothamsted 
of which we have heard is abU' to ])roduce 
this wheat croj) year after year for this 
aj^parently indefinite ])(‘riod chietly IxMaiuse 
it is candully cultivaUid. It is given manure 
in tlui sense of tlie Latin word from wjiich 
manure is derived it is given “ liandiwork.” 

The Tilling of the Soil that Makes for 

. Its Fertility 

Alongside tliis wlieat ]fiot is aiudher wliich 
illustrates more distinctly y(*l the amazing 
persistence of the soil in fertility. This 
sister plot, too, has been unmanured for 
nearly sixty years, but it is sown with 
wheat every other year only, lying fallow 
for the intermediate* years. ITom this are. 
reaped every otlier year rro})s yielding 
sixteen or siwente(‘n husliels of grain to 
the acre, and a \’ery fair (inantity of straw. 
The recoN’ery of the ground is always 
markeil in comparison with the iieiglibour 
plot, which, however, produces a third or so 
more in two crops than the other in (me. 

Wc shall get a striking picture of the 
fecundity of the gremnd if we compare tlu'se 
unnianured aert's at Rothamstixl, which 
may n'pivsent the thinnest and cheapest 
form of cultivation imaginable, with one 
of the French or Dutch market gardens, 
which may represent the most intensive 
and (‘xpensive form of cultivation practised 
commercially. At Kothamsted the natural 
soil, winch was a ratlu'r po(jr soil even at 
the beginning of Sir John Lawes's ex])eri- 
ment, is left to do its own work. In the 
French garden the soil is manufactured 
alti^gether. In the first case one very iKM)r 
crop is reaped, in the other five or even 
six rich croj)s can be grow'ii oft the same 
soil. Between these tw^o extremes come, 
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at all sorts of intervals, the ordinary ficL 
and market garden metlmds of cultivation 
of wdiich some trust to what may be calle. 
the natural fertility of the land, some to tin 
manufacturing })rinciplc. 

A Wonderful Idea that is Revolutionising 
Methods of Cultivation 

Prince Kropotkin, who is one of Hi. 
chief pioneers of this intensive cultivation 
ex])r('ssed, in a remarkable little book 
called “ Fi(*lds, Factori(^s, and Workshops,’ 
his belief that some day we should most o 
us come to regard the land as a sort <» 
manufactory. In a number of very n- 
ma rival )]e n'cords taken from gardens ii 
L'rance and from that wonderful “ Valli‘\ 
of (dass in the island of (Guernsey, Ik 
show(*d that an acre of land, if treated 01 
just the same princi])le as machinery in ; 
factory, coc.ld, in the best circumstances 
lu'oduce no less than Tiooo worth of food 
Of course, tliis sum is only made possibh 
by very high prices. 'I'hc gardens so tivatei 
could produce fruit and vegetables out ol 
season, and for these the highest prici 
can be oblaiiu'd. Hut the m(n*e wviglvt ol 
stuff produci'd strikes one as at least ib 
w’oiuU‘rful as the value of it. The Frencli 
gard(‘ns grow' ton after ton of food. Har- 
vests. so to spc'ak, succeed one anotlui 
at a few w'(*i‘ks’ interval, since many aiv 
sown simultaiK'ously. As soon as tlu' 
radislu's are pulled in March, the dalf 
w'lum in many ('ast's the single licdd croji 
for the year is being sown, the lettuces in 
th(‘ sanu^ franu* are alread\' large, and tli. 
carrots and caulillow'er, wliich are to inaki 
the tw'o succe(‘ding cro]:)S, are alread\ 
considerable jdants. 

How the British Isles Could Maintain their 
Entire Population 

Tlie following is a list of some, but no: 
by an\' means all, the cro])S grow'n in 01 n 
y(‘ar on a ])lot of about 2j acres : “ Moi.* 
tlian 20,000 lb. of carrots : more Hm’i 
20,000 11). of onions, radislii\s, and otlm 
vegetables sold by w'l'iglit ; 6000 heads "1 
cabbage; lb. of caulilkwvcr ; 5o"o 

baskets of tomatoes ; 5000 dozen of choi* r 
fruits, and 154,000 iu'ads of salad. In 
short, a total of 250,000 lb. of vegetable>.’’ 
It is scarcely to be wondered at that witli 
such oxamj)les before him, gathered fr(>:ii 
many parts of the w'orld. Prince Kro})otKin 
should pro})hesy a future in wdiich tlu* 
earth, so far from being used up, should 
double and treble its produce. 

“ The resources of science.” he says, “ b'tli 
in enlarging the circle of our producl.on 
and in new discoveries, are inexhaust i I k': 



THE CANADIAN FARMER’S WEALTH OF AGES | 



I lio richiu^ss of the soil of Canada is due to the fart lliat for centuries ve^^etation has lived and dietl 
tliere, each plant takinj; food from the sun and air and rain, and storinj^ it i p in tlie soil, and the (.'a.nadian 
tanners have thus the wealth of a};es to draw upon ; and as one layer heroines exhausted, all they 
li«ive to do is to plough lower. This photograph shows a farm on the Canadian I'acilic Railway. 

<^75 


HARMSWORIH POPULAR SCIENCE 


and each new branch of activity calls into 
existence more and more new branches, 
which steadily increase the power of man 
over the forces of nature. If we take all 
into consideration ; if we realise the progress 
made of late in tlie gardening culture, and 
the tendency towards s]u*eading its methods 
to the open field ; if we watch the cultural 
experiments which are being made now- 
experiments to-day and realities to-morrow 
- and ponder over the resources kept in 
store by science, we are bound to say that 
it is utterly im])ossible to foresee at the 
present moment the limits as to the maxi- 
mum number of human lieings who could 
draw their means of subsistence from a 
given area of land, or as to what a variety 
of jiroduce they C(ndd advantageously 
grow in any latitude. Each day widens 
former limits, and opens • new and wide 
horizons. All we can say now is that boo 
persons could easily live on a s(juare mile ; 
and that, with cultured methotls already 
used on a large scale, looo human beings — 
not idlers— living on looo acres could easily, 
without any kind of overwork, obtain from 
that area a luxurious vt'gidable and animal 
food, as well as the tlax, wool, silk, and hides 
necessary for their clotliing.” 

The Great Work of Water in the Building 
Up of Crops 

J?ut we need not go to a French or Dutch 
garden to (iiul an example of tlie astonishing 
weight of material that the soil, if properly 
treated, may ])roduce. Wliat a future of 
energy the growing of the crop suggests! 
An acre of mangels will actually, lose in 
what may be called the outbreatliing of the 
])lants, over looo tons of water. Tlie weight 
of the mangels may in special cases co:m* to 
eighty or ninety tons, without the great and 
abundant leaves. It has becni calculated 
that a croj) not half this size consumes up to 
ten inches of rain. When one sees the little 
rough dry seeds committed to what may 
seem most uncongenial soil, and later walks 
through the forest of lcavi*s concealing roots 
that may weigh half a hundredweight, and 
considers the elaborate manufacturing pro- 
cesses that have been automatically per- 
formed, one is astounded at the response 
of the soil to the requests of men. 

But tile more one looks into the process, 
the more one is struck by the huge part 
played by water. In the eastern parts of 
England, which are the driest, the crop of 
mangels wastes or breathes out nearly half 
the rain that falls on its area. When we^ook 
into the methods of cultivation we shall see 
that nearly all of them, from hoeing to plough- 
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ing and rolling, are concerned with the con 
servation and use of the waler in the soil 
All the greater marvels of production ai. 
due to the use of great cuantilics of water. 

The effect of water on tlie hay crop of tl.( 
meadows, as contrasted with the up]>c 
pastures, is apparent to everyone. Indeed 
it has often struck students that the soi 
of England ought, so to speak, to be miu ! 
loss fertile than it is. And in one sense tl,j 
is so. If we had fewer rains and less mis,^ 
the soil would lose fertility in proportion t( 
this deficiency. Hut many areas regarde 
as scarcely worth tilling arc very rich. 

The Remarkable Results to be Obtained by 
Mixing Clay and Peat 

Clay soils, for example, es])ecially tin 
very fine-grained and close clays wliic! 
look most barren, are composed of every s(;i 
of mineral wealth. In this res])ect they ai 
not less rich and even more inexhauslil)’* 
than the famous black soils of Russia. Tin 
principal reason why tliey are let for clieai 
rents, and often ])roduce poor results, 
that they are so dinicult to handle, t< 
plougli, to break up into a seed-bed,* t( 
aerate and drain. Supposing for a moiiKMi 
that loads of the peaty soils on which nothinj 
useful to man is grown were ]doiighcd in1( 
those heavy clay which break farmers 
hearts and left to decay, we should have i 
soil as rich as any in the world. Thcminemh 
in the clay arc almost inexhaustible, and tin 
peat would supply the deca^'cd vegctabli 
matters in which they arc deficient. 

Of course, the soil is in one respect not sc 
rich as it appears, for plants can only take 
up food while it is in solution, and many o 
the constituents of tlie soil seem to be in 
soluble in waler. That can hardly be callec 
wealth which can never be used ; and ap 
j)an‘nlly rich soil may serve as little clsv 
than an anchoring ground for roots. 

Canada, the Great Wheat Country that is 
Living on Its Capital 

England is without any virgin soils, an* 
yet she produces some of the heaviest cro]’^ 
in the world. Russia, which on the whole i 
rather a barren country, has one enormoii' 
stretch — some 150,000,000 acres of soil sc 
rich that great wheat crops have hcei 
grown on it without manure for just abou 
as long as on the Rothamsted plot. -Thi 
black soil goes down in places some twel^ • 
to fourteen feet, and its richness conu 
from the immense amount of decayed vege- 
tables which has made it. It is black for tin 
same reason that the soil in the older Frent 1 
gardens is black. It has been manufiK 
tured by nature, not by man— out of tlit 
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manure of decayed vegetation ; and this 
loam is so full of food and of bacteria 
ihat many generations of crops will make 
little impression on it. Something akin to 
ihis black soil is found in the English P'ens, 
which were drained for us by the Dutch, and 
which now bear immensely heavy crops of 
.'orn. But they are very shallow compared 
with the Russian, and a great part of their 
natural richness is withdrawn, though they 
will always be rich. 

The alluvial soils, which arc rich in rather 
a different way, are sometimes of immense 
depth. There are regions of Canada, where 
t!ie alluvial deposits, composed throughout 


way a good deal of soil is being exhausted, 
in the usual sense of the word. But all that 
exhaustion means is that in the futun 
more trouble will have to be taken. 

Perhaps the most astonishing general 
example of the restoration of soil to more 
than its natural fertility is to be seen in 
the Channel Islands. Thank-i very largely to 
cattle, and yet more to the climate and the 
energy of tlie jK^ople. a land which used tvj 
produce little, and is naturally rather 
barren than fertile, now produces vast 
stores of food, and instead of losing wealth 
is gaining it. If we wen* to reach a })erio(* 
when food was becoming very dear we couk 
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riif chief point (if thf .'ijiric’iiltui a! experiments at Kolliaiiistcd is the oininiirfl use of lln- same inaiiuri.il :i;^enls. I’.y liiatlually 

the s«»i! ofparliciilar coiistiliients, ihe ('uniiniiity hrhms l«. li^ln the fiiiuitmii i»f any kiiitl nf plaiii-fiHid in a way ili.it is not 
Kissililo ill a few,’ ye.'iis, lu-ra-.ise «jf the lart;«i reserves of all p'anl-fo«uls < untaineil in ni.lin.ii y soil. 'I'ln? two pints slmw n in this pielure 
• '■eive the* same treatment alternately, om; receiving minerals and tie* otln-r ainmoniinn s.ills every other year. It lias heen found that 
111’ minerals yield le.ss than half as much as the nitio^eiioiis iii.'iniire, the inlluemeol which seems to end with the year ot its use 


»f silt of a nature to make any cultivator’s 
noulh water, are piled to a depth of thirty 
teetandmore. However, the great prairies 
)f virgin land in North-Western Canada arc 
lot so deep in soil as this, and some are 
apidly becoming exhausted in the sense 
ihat they will not much longer bear con- 
liiuious wheat without manure. At present 
lie common system is to take two or three 
’t*:isons of wheat, then to leave the land 
allow, then to return to wheat, but the 
armers who do this know wcxl that they are 
ising up ca])ital, and that the people who 
ollow them will have to cultivate scien- 
ihcally, and perhaps keep. stock. In this 


make almost any land fertile, as they have 
done in North (iermahy and in Belgium. It 
iiis (Hily because there is still so much virgin 
soil in the world that land which needs nioie 
care and trouble and exjiense is neglect(‘il. 
J^)Ut every year, as pcoj)lc increase, and 
the virgin soils are used up. this duty 
of using the soil, which is always able to give 
out stores of life, is being more and more 
appreciated. Never in the history of tlu; 
world has any country depended so little 
on its own soil as England, and yet nowhere 
in the world has such valuable scientific 
* work been done in show'ing how great and 
wonderful arc the possibilities of the soil. 
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Polar bears, whose natural home is amid the ice of the North Polar regions, live for many years in a temperate climate, and here we see how Herr Hagen- 
beck s()lves the problem of furnishinir them with a home in the heart of civilisation, at Steilingf*n Park, ^Hamburg. Polar bears rarely rear cubs in captivit>-. 
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THE BEAR AND HIS COUSINS 

The Principal Species of Bears and Their Close 
Allies — the Pandas, Raccoons, and Kinkajou 

THE MONARCH OF THE FROZEN WORLD 


N atukalists iKive no cliliftculty in agree- 
ing that bears constitute a group to 
themselves, but there .are no water-tight 
compartments into whicli we can rigidly 
divide animal life. To attempt such a classi- 
fication is to contradict Nature. 

Nature is never brnsrpie; she makes no 
abrupt boundaries. Slie does m^t arbitrarily 
create a type without experimenting further 
with variants. She is adaptive rather than 
inventive, as Lamarck has said. Wc often 
have to dig di'ep to fathom the secret of the 
means by which she has .arrived at the 
results before us. If wc could conceive 
of Nature as a personal entity of Iniinan 
attributes, we should imagine lier laughing 
at the j)itfalls into which some of her devices 
lure us. 

\V(‘. have a case in point in the bears, a 
family of carnivorous animals, witlely 
distributed, but distinct and apart frt)m 
all other animal creation. So we used to 
say. Little more than forty years ag(;, an 
animal known as the great, or short-tailed, 
panda was discovered, and men added it 
to the ursine family, calling it the parti- 
coloured bear, which is the name that any 
naturalist, ignorant of its anatomii'al 
structure., wt)uld ai^])ly on first seeing it 
to-day. But, bear-like though it be, it is no 
more a bear than a wtjlf-hound is .a. wolf. 
Related to the bears it is, but it belongs, 
not to the bear family, but to the raccoon 
family. 

It IS a link which had been missing from 
our living chain of animals, and it serves 
to coniK'ct the raccoon family with the 
bears. When the destinies of the dog, 
family were being shaped, another line of 
carnivorous animals was at the same time 
being slowly evolved. They descended from 
the same ancestry as the dog, but they 
became, on the one hand, bears; on the 
other, pandas and raccoons. And now 


that the mystery is solved, we divide all 
these animals into only two families, of 
which the bears form the first. The bears 
and raccoons j^reserve for us the method 
of locomotion common to the ancestors of 
themselves and of the dog family. 

All the bears and raccoons are plantigrade 
— that is to say, they walk flat- looted. So 
did their remote mammalian ancestors. 
The dogs have greatly modified this method 
- they have specialisi'd means of locomotion. 
Hut the bears have, to an equal extent, 
advanced upon tlK'ir primitive model in 
the matter of dentition. Tlu* teeth of the 
dog are fashioned for the eating of flesh, 
and though w'olvc's and jaekids, and some 
oth(M* members of the tribe, eke out with a 
vegetarian iliet, it is from neci'ssity rather 
than choic(‘. The teeth of the bear, how- 
ever. are ada|)led practically to (*very form 
of diet. In fact, vi‘g(*table fe(‘ders are the 
rule rather than the (‘xce})ti()n among b('ars. 
Even the Polar eats wi‘(‘ds from the sea, and 
browses during the short Arctic, summer 
iiyion such v('getal)le growths as his habitat 
affords; while berries, grass, and the foliage 
of tre('s are as acceptable to the savage 
grisly hear .as a mess of hont'y or tlie 
carcase of deer or horse. 

In bulk and j)]iysical strength the gorilht 
has heconu; tlui greatest of th(^ Primates, 
and the hear (>cciij)ies a corresponding 
position .among the- ('ariiivor.a. By making 
the best of the ]>lanligrade action witli 
which he Ix'gan liis career, the bear has 
’.x'come one of the most fonnitl.ahle and 
wiilely (listrihiited of all animals. He 
shambles along in ungainly fashion, hut he 
has pace, and he can accommodate himself 
to practically every condition possible to 
animal life, excluding the realm of the 
birds and the haunts of the deep sea fishes. 
He can climb a mountain as easily as he 
can scramble up a tree ; he develops a hairy 
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growth upon the soles of his colossal paws 
to prevent his slipping on the ice ; he can 
swim so well that one has been seen making 
its way at sea undistressecl forty miles from 
land or ice ; torrid climate or Arctic does 
not prove a barrier. He can eat anything' 

— ^fish, flesh, or vegetable. He has nothing 
like so big a brain as the anthropoid ape. 
but such brain as he possesses has enabled 
liim to adapt himself to circumstances 
better than any other animal, the dogs 
alone excepted. Tlie gorilla has gone too 
far, yet not far cnougli, and needs millions 
of years to ])erfect himself, but the bear, 
with his primitive gait, has really done 
better, in all Init mental potentialities, 
than the lords of the Primates. 

Put there has been a fault somewhere in 
his career. The most promising of the 
bears emulated many other early animals ; 

developed immense 

size and power, com- 
pletely o u t - d i s- 
tancing all their 
dog-like relatives. 

Carnivorous mam- 
mals reached their 
maximum develo])- 
ineiit in the colossal 
cave bear with which 
paheolithic man in 

11 g 1 a 11 (I w a s 
brought ill contact. 

Why did the cave 
b e a r s die while 
smaller bears of the 
same ]ieriod s u r- 

vived? Prob- a rising hock of tuf arctic 

mIiK/ Slfroiljrlli Miwl 1 bear rub is born naked and helpless, and is suckled by a 

‘ ^ ‘ ^ . dam wbicli li.'is spent the wintei fasting in the snow. 

u'rocity w(*re its only »’>•*>»“ w. p. nau.io. 

assets. Cheat bulk and inighty force are 
not always accompanied by the agility 
necessary for the inaintenence of life in 
such a form, or the prehistoric monsters 
of the slime would not have vanished, 
leaving notliing but their bones. This huge 
bear, which coiiltl 1^111 nearly any other terres- 
trial animal, and drag its body to its cavern, 
there to gorge upon its remains, must have 
been almost the most dreaded of man’s foes. 

The puny biped fought it with hatchets and 
spears of flint. It can- hardly be that man 
alone was responsible for its e.xtermination, 
though the brain that guided the hand in the 
shaping of a flint was a miracle of contriving 
mechanism in such an age. The paramount 
cause must have been the natural operation 
of the law which determines the issue ofdhe 
struggle for existence ; the smaller, more 
active, more adaptable bears probably 
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starved out the more powerful but less agih 
and intelligent.giants of the family. 

Until the tale of the Alaskan bear was 
told, wc of the present age had always; 
considered the Polar and the grisly the head 
of the family. The Polar is big and for- 
midable enough to satisfy the man who 
wanders northward, and wdth good reason, 
as we shall presently sec. It is a wonderful 
testimony to the adaptability of the bear 
family tliat almost the finest members oi 
the family should be found in the coldest, 
most inhospitable regions of the earth. Tin 
Polar bear inhabits the whole of the Arctu: 
Ocean, remaining near the edge of the ice cap. 
coining south in the winter, and retreatiiii; 
north in the summer, always keeping as noai 
as possible to the sea margin. Here, amid 
the everlasting ice, it has attained magnifi- 
cent proportions, a length of nearly'^ nine feel 
I and a wx'igiit of fnini 

j 600 ibs. to 700 lb. 

j being not unconnnor 

in the adult. It.- 
j food consists of flsh. 

the flesh of senV 
I and tliii walrus, tin 

carcases of dead 
wdiales, and a 11 \’ 
animal or vegetal ) 1 .’ 
f 0 0 d--<' a r r i o n 
or garbage —that ii 
ca 11 secure. 1 )uri iij; 

the winter tlu' 
female hibernates, 
snugly cnsconcetl 
beneath the snow. 
)F TiTF ARCTIC wdiilc the males 

lul hclplps, ami is suLkkfl by a reninill Unoil IllC 

Iitci rasliiii; m tiu; snow. li-lllcllll upun I III. 

** prowT throughout 

the winter, having witli them tlie cubs of 
both sexes. Tlirough.out the long winter 
the female lies beneath the snow, and tlKu e 
brings fortli her young. She must have 
within her system a sufticient reserve not 
only to support her own life during this 
long period, Imt to afford milk to her cubs. 
These generally number two. They are 
born naked, blind, and helpless, unalilc* 
even to wriggle a few inches to their dam’s 
side should they be disturbed. 

In the close confinement of their snow>’ 
lair there is not much danger of their being 
lost in this way, of course. There would b<* 
a serious thinning out of Polar bears if the 
conditions of the nursing home w'ere suil- 
denl}'^ altered, for the Polar bear is a stupid 
mother when removed from her natural 
surroundings. Barbara, the splendid greai 
she- bear at the London Zoological Gardens. 
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lias on four occasions presented her lord with 
cubs, but on each occasion she has let them 
(lie —not through lack of affection, but from 
^heer stupidity, carrying them naked and 
blind and tender out into the freezing air 
of the open space beyond her den. Polar 
bear cubs flourish in a snowy crib in the 
coldest land in the worlds but they die of 


pneumonia when their dams are at liberty 
to carry them with foolish pride out into the 
open in the temperate London wint(‘r. 

Polar bear dams are really as unwise', in 
conditions such as these, as sonu! human 
mothers who have, in the twentieth century, 
to be compelled by law to sweep, wash, and 
ventilate their rooms, and to abstain from 
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feeding their babies on pork chops and gin. 
In a state of freedom the Polar bear has 
not the temptation to expose her offspring 
until they are furred, active, and strong. 
When she does emerge with her cubs, she is 
the most faithful of nu^thers. Nothing coiiM 
e.xcced the pathos of an oft-quoted example 
of this fidelity cited by Captain Phipps. 
A dam and her two cubs approached an 
exploring frigate which was frozen in the ice, 
encouraged by lumps of flesh throwm to them 
by the sailors on board. TIvese the old bear 
fetched away singly, laying every lump 
before her cubs as she brought it, and, 
dividing it, gave eacli cub its share, reserving 
only a small portion for herself. TIk' sailors 
shot the cubs 
and w'ounded . 
their dam. “It 
would have 
drawn tears of 
pity from any 
but u n f e e 1 i n g 
minds to have 
marked the 
affection.al(^ con- 
cern expressed 
by this poor 
beast in the last 
motnents of her 
expiring young. 

Tliough slie was 
herself dread - 
full}^ wounded, 
she carried the 
lump of flesh she 
had fetch e d 
away, as she had 
done others be- 
fore, tore it in 
pieces, and laid 
it before them ; 
and when she 
saw that they 
refused to eat, she laid her paws first upon 
one and then upon the other, and en- 
deavouretl to raise them up. All this time 
it was pitiful to h^ar lior moan. 

“When she found she could not stir them 
she WTiit off. and, when she had got to some 
distance, looketl back and moaned ; and, 
that not availing her to entice them away, 
she returned and began to lick their w^ounds. 
Slic went off a second time als before ; and, 
having crawled a few paces, looked again 
behiiKl her, and for some time stood 
moaning, but the cubs still not rising to 
follow her, she returned to them again, 
and with signs of inexpressible fondness 
went round, pawing them and moaning. 
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I Fere is a brown bear enjoyiiiR the freeiloin of Vrlb»wstoiie Park, l^S. A. 

of ibis species abouiiilccl in Knj^laiul a lliousaiid years a;40. 


Finding at last that they were cold and lite- 
less, she raised her head towards the ship, 
and littered a growl of despair, which tin- 
, murderers returned with a volley of musket - 
balls. She fell between her cubs, and died 
licking their wounds.'* 

To restore the balance it is necessary to 
remember that the Polar bear is not always 
the innocent victim, as in this case. A 
Polar bear which, after a fair chase, will 
rim down, kill, and eat a man, will creep 
noiselessly upon another as he sits on the ice. 
strike him (lown with its paws, then draw 
off to sec if he is dead. 

This fearlessness of the bear in the 
presence of man an interesting feature, 

for the saiiK' 
temerity doc> 
not mark tin* 
attitude of all 
the ursine 
family. Nor 
does tlic sanu* 
attitude charai - 
terisc all Arctic 
and sub-AreXie 
animals. There 
is something in 
tlie scent of ;i 
hear which 
terrifying to 
iK^arly all other 
animals save 
man, and there 
is a terror for all 
other animals in 
the scent of man. 
This has been 
very interest- 
ingly shown In 
Mr. Charles 
Sheldon, wlio 
Bears travelled 

lately in the 
U]>per Yukon. On one occasion he killed a 
grisly she-bear far up among the mountain 
peaks. The bear’s cub, which was quitt* 
liny, faced the hunter without the least sign 
of alarm, and he determined, if possible, to 
capture it alive. When he got to within six 
feet, the cub, for the first time, caught tlu* 
scent of inan ; and, after sniffing several 
times in aputc terror, it raced away at such 
speed as to render pursuit useless. On 
another occasion a cow moose and her call 
allowed the hunter to get jvithin fifty fed 
of them, and to take a photograph without 
their moving. Yet the moment he inove»l 
round so as to give them his “ wind,” the> 
“ jumped as if receiving an electric shock.” 
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and fled like the wind. But it is not so with 
Polar bears, or Sir Savilc Crossley and a 
Iriend would not recently have been able 
lo shoot fifty-seven of these animals in 
Spitzbergen in the course of but live weeks. 

The monarch of the frozen world displays 
a good deal of cunning in stalking its prey, 
and considerable intelligence in its choice of 
hunting grounds. And there is something to 
he said for the intelligence of a huge beast 
which has learned safely to cross rotten 
ice. The Polar bear, faced with such a 
problem, stretches himself flat at full length, 
with all four limbs widely outstretchc'd, 
and, by thrusting with his hind feet or 
gripping with the hairy soles of his fore- 
[)aws, can safely overpass a stretch of bad 
i which would engulf him if he tried to 


animal to Rome for sport in the circus. But 
the bears outlasted the Roman conciuerors 
here. Down to the time of Edward the 
Confessor the town of Norwich had yearly 
to furnish oiv* bear to the King. One 
authority has it that bears may have 
existed wild in Scotland until shortly after 
the arrival of William the Conqueror in 
England. The general body of evidence 
go'^s, however, to show that bears disap- 
peared from England about the beginning of 
the ninth century, having vanished from 
Ireland a century earlier. Although he has 
been exterminated in the United Kingdom, 
the brown bear still maintains himself, 
except in popuhms areas, practically 
throughout Europe, and the whole of Asia 
northwards of tin; Himalayas, including 



TllK GKKAT BROWN BlvARS OF AT.ASKA, Tllli HIGGKST Bl'.ARS NOW IN kXIS Tl'NC’Ji 
'I'lic brown bears of Alaska have ik-posi.iI ibe I’tilar bears, wbicli were lon^ rrs;arck*tl as llie ^iallt^ of tin.* fatiiily. I*nlar l>r;iis liave been 
known lo iiieasiire iiiiii; feel loii^, but their Alaskan (.cmsiii.s arc found fM C.isumally liiitsu b a lcn|;tli of ti-ii feel, not counlin;; llic l.iil. 


walk across it. And cannot something be 
said for the reasoning power of the brute 
which, seeing for the first time a trap set by 
man, avoids it ? Nansen’s men baited one 
near the Fram, and watched a bear aj)- 
proach. It badly wanted the lure of tempt- 
ing blubber, but it went all round the trap, 
examined its framework, dubif)usly shook 
its head, walked a second time round it, 
followed the wire upon which the trap de- 
pended, made another general survey, gave 
its head another and final shake of susjncion 
and disapproval, then stalked determinedly 
away. It is in the liighcst degree unlikely 
that that bear had ever before seen a trap. 

The brown bear was one of the owners of 
ancient Britain. The Romans found it. 
here upon their coming, ,and exported the 


Siam and Japun. Fonneiiy the species 
ranged from (ircat l^ritaiii right away lo 
far Kamchatka. 

It is perhaps natural that an animal 
having so e.xtensivcv a range should show 
considerable local variatii/iis, both as regards 
size and coloration. Tlie Syrian bear, 
the snow or isabelline bear of the Hima- 
layas, and various ])rown bears of America 
have, with others, all been ])ut forth at 
from time to time as diffiTent species. The 
highest opinion, however, groups them all 
in one species. The brown bear is more 
often herbivorous than not, feeding upon 
bulbous plants, upon grasses, upon fruit, 
nuts, berries, and cultivated crops ; but 
it will kill and eat animals, from mice to 
men. It should be added that, as a rule. 
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the brown bear will , if possible, avoid an # The great brown bear of Alaska differs 
encounter with man. It suffices for the little in habits from its European and Asian 
bear to get a man’s scent ; it will bolt. If relative, though it is larger. Specimens 
pressed by hunger, however, or if cornered, from Kadiak Island, Alaska, are said to 
then it will fight — and kill and eat a man ‘ reach a length of ten feet from the snout 
as readily as will a man-eating lion or tiger, to the root of the tail. On the Sitka coast 
During the winter the brown bear hiber- region of Alaska we have a smaller, though 
nates. It seeks the shelter of tree or cave ; still very large local race ; and the Yakutat 
it scrapes a hole beneath a fallen tree ; it and Kidder's bear of the mainland arc huge 
may even enlarge burrows begun by other animals. All these Alaskan bears are 
animals. When it goes to rest it is fat and reported to be less fierce than the grisly, 
sleek. Instinct teaches the animal when its though far exceeding the latter in size, 
condition is such as to warrant its going They will kill human beings, but they 
to its winter bed. After a bad season, in are really omnivorous, and eat fish, flesh, 
which food has been scarce, it will not fruit, roots, grass, herbage, kelp, and berries, 
retire at the normal limes, but eagerly They do not scorn the mice and ground 
continue searching for food which shall squirrel or any other animal that they 
enable it to lay up within its body the store can catch. 

of fat necessary for the maintenance of The famous grisly has enormously dc- 
its life when all its functions, save re- veloped his claws, and this has caused him to 
spiration and circulation, are suspended. sacrifice his tree-climbing powers. Whatever 

When it emerges I niay have been its 

hiding- dimensions 

S]3ring. past, grisly 

bear does on 

of average, 

train; much 

supported to-day. In 

them, this, 

birth, ing to 

upon ac- that 

within brown 

own organism Europe 

preceding 8 

the the 

from Himalayan 

are run 

hungry. to But 

They vora- BIBBBBBBBBBBBBBHBBBBBBB grisly 

ciously on a the raccoon, a distant ally of the hear American, hence 

vegetarian diet, or AUhough so unllWc a bear, tlic r.accoon is connecied, ibruiigli ihe great the talc of his size 
. - panda, with the bears, descending from a common a iic«* liy. , 

they ni ay raid and manners has 




they may raid 

herds of cattle or droves of horses, if these 
be handy and other forms of food scarce. 

The brown bear of Kamchatka lives for 
a time entirely upon the salmon that crowd 
the river waters. Entering the water, it 
faces down the stream, and stands per- 
fectly still. The fish probably regard its 
massive limbs as the trunks of trees and 
fearlessly approach. Then like lightning 
the forepaw is raised, and a swift blow is 
delivered ; the fish is transfixed by the 
terrible claws, and the bear leaves the river 
to eat as much of the fish as appeals to him. 
No matter what the size of his prey, he, 
like the otter, always quits the water to 
make his meal on land, and during the 
season the banks of the river are found strewn 
with the remains of 'fish which he has left. 


lost nothing in the telling. But, in truth, 
Ursus horribilis, as formerly known in the 
high ranges of the Sierra Nevada, was a 
terrible enough beast, said to have weighed 
as much as 1800 lb,, and certainly from 1200 
to 1400 lb. In that region these bears were 
poisoned upon a large scale, for it was im- 
possible to keep flocks for them. The grisly, 
thougli mixing his diet with great freedom, 
is probably the most carnivorous of the 
whole family, and has been known to kill a 
bull bison with a single blow upon the neck 
with one of his mighty paws, and to carry 
away a male wapiti weighing nearly 1000 lb. 

Smaller than the grisly, but quite as 
fierce when at close quarters, the American 
black bear has at least three interesting 
variants. One is the so-called cinnamon 
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h(^ar, which is merely a pale-coloured race ; 
the rare glacier bear; and a third known as 
Ursits kermo ici. The latter is regarded as 
merely an albinistic example of the true 
black bear. Formerly enjoying an im- 
mensely wide range all over the northern 
half of the American continent, this black 
bear is now necessarily finding its territory 
more and more restricted. 

The Powerful Grisly Bear whose Savagery 
has Become Fabulous 

This is in(?vitable, for, as new land 
becomes settled, the bear must go ; no farm 
stock is safe from its ravages, even qiiitt‘ 
large animals lu'ing killed and eaten by it. 
Possessed of immense power, it kills with 
tremendous blows from its fore])aws, while 
its teeth are said to crush the bones 
of an ox. 

That it is a courageous fighter is well 
known, but a specific example of its courage 
is afforded by a setnu* which Mr. Junest 
Thompson .Seton witnessed in the great 
Yellowstone Park, where wild animals roam 
at will in a stat(‘ of semi- freedom. A black 
she-bear and lu‘r cub were feetling U])()n a 
garbage hea|) in the park, whence she had 
driven a number of other bears* Towards 
evening a large grisly approached, to the 
manifest alarm an<l (liscontent of the cub. 
She turnt'd to her little one and gave a 
gruff signal, whereat the cub scutth'd up a 
tree, while she went towards the grisly. She 
stood as high as she could, and set all her 
bristles on (muI, then, growling and chopping 
her teeth, she faced him. As he drew near 
she charged at him with a great roar, and 
gave him a terrific blow on the ear. The 
larger bear, takiMi by sur])rise, recoven*d 
himself, then gave her a cuff which knocked 
her over. Nothing daunted, she jumped up 
and closed with him. They clung together, 
rolling over and over, biting and pouiuli’ig, 
then separated and drew apart. The 
grisly did not wish to continue the fight, 
and moved in the direction of the heap, 
but as he did so the black bear, though 
wounded, attacked liim again. 

The Black Bear that Haunts the Forests 
of the Himalayas 

This time the grisly was on his guard, 
and he dealt her one blow which knocked 
her backwards, crash on to an upturned 
pine-root. He followed her up, but she, 
desiring no more fighting, dodged him 
round and round the root, until he. tired 
and sat up, enabling her to bolt to the 
tree in which her cub was secure, and Uy 
scramble rapidly up into the branches to 
safety. 
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The Himalayas have their black bear, 
readily identified by the inverted crescent 
of white on its chest. It is, for the most 
part, a forest-haunting animal, ranging 
from about the eastern portion of Persia, 
through Baluchistan into Afghanistan and 
vSind, thence through the forest-clad portions 
of the Himalayas to Assam, and so on to 
Burma. The species is found also in the 
islands of Hainan and Fcjrmosa, and in 
Tibet. The spectacled bear, so called from 
the presence of tawny rings round the eyes, 
is a small black species inhabiting the slopes 
of the Andes, and appearing in 'Chile, 
lk)livia,and Peru, 'fhe bfiiang, the bear of 
Malay, is believed to be a near ally of the 
spectacled specic^s. It is smaller and more 
agile than the other members of the family, 
and ])ossesses an extraordinarily mobile 
tongue, the result, no dembt, of long ages 
of |)artly insectivorous diet. 

Our survey of the bears closes with 
the curious cumbrous Indian sloth bear. 
Measuring from 4 to ft., this bear differs 
from all tlie rest of the family in possessing 
two fi'W'cr t(‘(dh than the normal number,* 
in the long snout, and the baggy, pcnduh)us 
lower lip, and in its exceptionally long, 
shaggy, and coarse hair. 

The Sloth Bear which Ravages the Aat>hills 
of India 

It is a slow, ungainly beast, sustaining 
itself mainly on fruits, flowers, honey, anil 
insects, though not disdaining at times a 
meal of carrion, or a delicacy in the form 
of a dead beast's bones, which should have 
been the perquisite of the hyena. It has a 
great fondness for white ants, or termites, 
and has obviously specialised in their 
capture. Its immensely powerful claws 
enable it to tear open the hills of these 
insects, when it reveals an extraordinary 
power of suction and of propelling air from 
its mouth. Having gained access to the 
lower galleries of an ant-hill, it blows with 
great violence, scattering the dust and 
crumbled particles of the nest ; then, with 
equal vigour, sucks out the inhabitants of 
the comb with such forcible inhalations 
that the larvae from great depths under the 
soil are drawn forth. 

Passing now to the pandas, we have first 
the great, oiy^hort-tailed, panda, which, as 
already noted, is superficially ,so bear-like 
a beast as to have been long classed with the 
ursine family. Resembling tliQ sloth bear, 
it has only forty, instead of forty-two 
teeth, like the rest of the bears. Structurally 
it closely approximates to the true pandas, 
and the balance of evidence goes to class it 
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with the raccoon family. Its fur, which is 
long and close, is for the ir.ost part white, 
but the eyes are surrounded by black rings;, 
the limbs are black furred, while the 
shoulders are marked by a transverse bar 
of the same hue. In general outline, the 
short-tailed panda wouUl pass as a very 
small brown bear of aberrant coloration. 
Its home is in Tibet and North-West China, 
and its diet, so far as is known, consists 
solely of roots and the young slioots of 
bamboos. 

No bear can retract its claws, but the 
true panda, which is popularly known as 
the cat-bear, has the power of half with- 
drawing them. The panda has the true 
plantigrade walk of the l)ear, and the soles 
of its feet arc covered with hair. In si/e 
that of a big, bushy-tailed cal. tlie panda is a 
superb tree-climber, but closely resembling 
the great panda in certain anatomical 
features, it is, like that animal, mainly 
herbivorous, but in captivity eats bn'ad- 
and-milk and eggs and small birds. It 
hisses like a cat, growls like a bear, laps, at 
•times, like a dog, but commonly imnuMses 
its muzzle and drinks by suction, after the 
manner of a bear. The panda is a native 
of Asia, but had its home in England in 
days when we had a sub-tropical climate 
and abundant forests. 

The Raccoon that Saturates its Food with 
Water Before Eating 

The raccoons thems(‘lves are mainly car- 
nivorous, living u])oii mice, young birds, 
fre.sli- water tortoises, fresh-water mussels, 
and insects, with an addition of nuts, fruit, 
and corn. Occasionally, how(‘\'er, a raid 
upon a poul try-run shows i:i whi ;h din'ction 
the animals’ preference lies, 'j'here is one 
species, the crab-eating raccoon, whose diet 
is sulhciently indicated by its name. This is 
a semi-aquatic mammal, hut. like the other 
raccoons, makes its honus in the trees. 
The raccoons art; tree-climbers because* 
they find no other place soenre. Their 
food is sought eliiedy upon the ground, 
but they mak(^ their homes among the 
branches ; they hibernate tlu're in the 
colder part of their range, and there their 
young are born. 

They have the bear-like gait, and possess 
the same number of teeth as the sloth 
bear. One peculiarity of the raccoon is that 
it immerses its food in water before eating 
it, and the instinct of one at tin? Zoo in- 
duced it to behave in the same way with 
some kittens put into its cage for company. 
The feat satisfied the raccoon, but it killed 
the kittens, 


Three or four other animals come into the 
raccoon family the cacomistlc, a dweller 
in well- watered woods, and an enemy to 
poultry ; the bassaricyon, an allied genus 
peculiar to Costa Rica, Panama, and 
Ecuador ; the kinkajou, and the coali. The 
kinkajou, as the only member of the family 
which has developed a prehensile tail, is 
perhaps more completely at home in the 
trees than any of the others. 

The Co-operative Hunters in the Forests of 
Central America 

The iuiti\'es regard it as a type of monkey, 
and it has a lemur-like appearance. Hut 
the paws are paws, not hands, armed with 
])owerful curved claws, not nails, and the 
dentition is unmistakably that of the raccoon 
family. Equalling a full-growncat in size, the 
kinkajou eats small Jiiammals and birds, 
fruit, and honey. In moving through the 
trees kiidcajous, which collect in troops, 
take considerable leaps from bough to 
hough. A strange development for a distant 
rt'lalive of tlu^ Polar bear ! 

Two S[)ecies of coatis arc known, one 
common to Ah'xico and Central America, 
the other inliabiling .South America, from 
Surinam to Paraguay. With its short and 
sturdy limbs, its plantigrade gait, and its 
exc(‘ssi\’t*ly long snout, the* coati lias for its 
(iennan name a di\seription signifying 
“ tlie proboscis bear.” 1'iiese animals are 
good climlx rs, and cliasc* lizards among the 
trees. 'Fla' reptiles thus |)ursut‘d drop to 
tlie grouiul, only to fiiul a second detach- 
ment of the animals hunting below in 
ol.)vious agnement with those in tlu^ 
branches ov erhead. The coati can be easily 
lamed, and makes a docile aiul interesting 
])et. All the memliers of the raccoon 
family, except the abt'rraiit pandas, are 
nativis t)f the American continent, the 
home of the majority of the l)Cars. 

The Close Kinship Existing Between the ' 
Bear and the Dog 

The contrast l)etw(‘en these distant allies, 
the Alaskan giant and the pigmy coati, 
is a startling one, but not more so than 
the dif{en‘nce between a typical elephant 
and the degenerate elephants no liigger 
than Shetland jionies which once had their 
homo in Juirope ; and not more startling 
than tlu' contrast between a Polar bear and 
a hairless Mexican dog of to-day. Hears 
and dogs are kin, bears and the jireliensilc- 
tailcd kinkajou are kin, more distantly, but 
clcarl}^ connected through the pandas. Wc 
place them in different families to-day, of 
course, but there is no doubt as to the 
common origin of all these animals. 
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THE MECHANISM OF. MAN & HIS NEIGHBOURS 



On this pajic are a few examples showinj^ how man is ill adapted for flying, burrowing, climbing, 
‘•wimming, running, and leaphig, in whicli things the bat, bird, mole, whale, frog, ape, ostrich, 
and kangaroo outclass him. Yet man, with h’ls mind, has become a creator, and has made his body 
ihc simple, all-capable, adaptable, supple, obedient, liiniUvss instrument Qf his creative 
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GROUP 6 -MAN: THE STORY OF THE MASTER OF THE WORLD -CHAPTER 6 


MAN MADE FOR THE UNIVERSE 

The Human Instrument by which the Mind of Man 
Works Out Its Creative Purpose in the World 

I'HE AMAZING MECHANISM OH A HUMAN BEING 


W E repeat that man is body and mind, 
or body and psyche for mind is really 
ui inadequate word- or “ body, soul, and 
spirit," in the language of the past. We 
mist remind ourselves of this, because when 
A-c consider the body in detail, as is done by 
:he sciences of anatomy and physiologv, we 
lie constantly tcnqited to siqipose this is all. 

Only when our survey is linished, and we 
•ealise that it lias scarcely been begun, and 
Miat^all the ultimate questions have bei*n 
(‘It unanswered, do we reaiise that, luiwever 
leeply we have probed with the knife and 
;)(‘ered witli the microscope, we have only 
^(‘(‘11 one aspix't of man, and there RMiiains 
;li(‘ psychical side, which cscajies our gras]>. 
It is probably true to say that no one 
il tempts to study anatomy and jihysiology 
without passing into a stage of materialism, 
111 consc<iui*nce of the compelling and 
ibsorbing nature of thi‘se studies and their 
onvincing character, so far as th(*v go. 

Some never pass further, but those who 
turn from the dissecting-room and the 
iihoratory to living men and women, doing, 
laring, fearing, thinking, creating, in- 
‘vitably pass through materialism as a 
•hild passes through chicken-pox. and are 
lor ever immune thereafter. Hcri! we are to 
'tiidy the wliolc man, and must devote a 
just share of our time to what is beyond 
touch or vision, but is much more obviously 
!Tal than anything that can be touclied or 
As we study, wc shall find ourselves 
oiistantly asking a question which men 
liav’c asked from the beginning of time, and 
^vliich may always remain unanswered : 
^Vliat is the relation between mind and 
body ? The answer may never be forth- 
coming, but it is immeasurably better to 
have asked the question than never to have 
la( ed it at all. 

Here, then, we deal with man’s body, 
^nd at the first moment wc see that our 


subject may be divided into twT) parts. On 
the one hand, w'e may study the “ form, 
structure, and construction ” of the body, 
in general and in detail ; and, on the 
other, we may study its working. Ana- 
tomy dilerally cutting-iip— is the study of 
structure, and physiology is the study of 
function. Thi‘s(‘ go hand in hand, and 
can only be studied inti'lligently together. 

Wi^ cannot study the function of the 
heart w'itliout Jlrst idmitifying the hixirt ; 
and our anatomical d(‘scription of the heart, 
its walls and the fia])s inside them, cannot 
even be intelligible unli'ss,WT' know its 
function, and uiuhnstaud that the walls 
S(|ue(‘Z(' a thud within them, and the tlaps 
an‘ valvis to secure the right working of 
this living piim]>. Always, therelbre, 
anatomy aiul physiology an^ studii'd to- 
gether; and in most parts of the W’orld the 
professional leathers of i)hysiology lake 
over and tleal with, the whoh^ of wdiat is 
called mi nut anatomy, that is, the anatomy 
of the tissiu's whii'h is conduct(*d with the 
microscop(‘. but is just as mueh or more - 
anatomy as is the jointing of the skeleton. 
This minute anatomy is oiu* of the great 
sci(‘uces of the future, for it carrit's us much 
nearer the very home and temph' of life 
than any naked-ey(^ anatomy can do, 
though evidently we require first to U’ani 
what the unaided eye can t(‘ach, and then 
go in detail, with every possible' aid to vision, 
over each organ and tissue of the body. 

The first reipiirement is to consider the 
body of man as a W'holc, taking not a bird’s- 
eye view — though what the bird sees is the 
most important part — but an ordinarv 
human view of a fellow-being, oi of our- 
selves, as w^G really arc.uiuh'r our chdfies, 
before a looking-glass. 

Eveh at a glance much is to be learnt. 
Clearly the body of rnoin is an animcl. To 
say, as w^e often do in cynic or w'ould-be 
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scientific vein, that man is an animal is 
simply to confound things that are obviously 
different — which is exactly tlie opposite of 
any scientific procedure. But to say that 
tlie body of man is an animal is strictly 
accurate, and says neither more nor less 
than the truth. The writer wishes that this 
simple phrase could be accepted in this 
connection, and perhaps some day it may be. 
If we arc not (offended at realising that our 
bodies arc made of matter, as chairs and 
rocks are, we need not be offended at realis- 
ing that this matt(T is put together and 
built up on a particular plan which is so 
definite and peculiar, and yet so familiar, 
that we cannot tliink of dog or cat, or horse 
or. mouse, or elephant or monkey — nay, 
even of bird or fish or frog- without seeing 
that, whether we like it or not, the body of 
man is an animal, and an animal of a definite 
type, belonging to a di'finitc class, together 
with certain other animals, and to the ex- 
clusion of the rest. 

A word as to this. Animals either have 
backb(mes or have none. Man has a back- 
bone, and his body i;^ therefore a vertebrate, 
or back-boiu*d animal, and is almost im- 
iiK'asurably neanT. the fish than, say, the 
bee. All vertebrate's, including man, classify 
themselves readily into fishes, amphibians, 
reptiles, birds, and mammals. 

The Great Difficulty of Fitting Man into 
His Place 

It is as clear tliat man’s body is a mam- 
mal as that it is a vertebrate. Pie is a iiK'in- 
ber of the mammalian class, agreeing with 
the essential characteristics of tliat class; 
its members bring forth tlu'ir young alive — 
as we say. though of course a bird’s egg is 
alive ---and the mothers suckle tlieir young 
by means of special organs which are known 
as mamma', and from which the name of the 
order is (k'lived. Al.so, tli(\se creatures are 
provided with hair, as distinguished from the 
scales ot the hsh or the feathers of the bird. 

But though the mammalian character of 
man’s body is clear, and though its vertebrate 
character is not less so, wc do find some 
ditliciilty when we compare him with his 
asserted allies. Some vertebrates have no 
limbs, as fishes and snakes. But most have 
limbs, and the mamber is customarily four, 
wc notice. -Never is it more-- 1 lie soa- 
serpent, a vertebrate with nforc than two 
pairs of limbs, is unthinkable to the student 
of animal anatomy. It is true tliat in birds 
tlie number may inoinentarily ])uz7de us, 
but we agree that it is still four, though as 
the bird hops or walks we only notice two. 
We may caH the bird a biped ; and then we 
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see that man is a biped, too, ana thus. 0: 
this reckoning, seems to be nearer a l)jr< 
than a maininal, though we have positiv< l 
asserted that he is far nearer to the luoih 
or the elephant than to any bird. The < \\ 
dent answer, as wc know, is that man lia 
the typical four limbs of the vertebrate, ani 
that these four limbs are mammali.u 
endowed with hair, not feathers, and that i 
is only the peculiarity of man’s uprigh 
posture which appears to ally him inor 
nearly with the bird than with the foui 
footed “ beasts of the field.” 

The Vertebrate with Its Skeleton Inside and 
the Invertebrate with Its Skeleton Outside 

Wc may note, also, that other marnnial 
have gone their own peculiar way, as ina 
has, and that the whale appears to answt 
ver}^ imperfectly to the idea of a maniina 
Jhit man and the whale arc far more clost l 
relat(*d than man and bird, or man and li^l 

If we look at the body of almost an 
animal, we find that it evidently has lian 
parts and soft jiarts. Such a simple aniiiKi 
as an ainreba has no hard parts, but jt is ^ 
small that it lu'cds no supporting fraiin 
work or skeleton. But a lobster or ai 
oyster, or a fish or a man these have lian 
])arts as w('ll as soft ; and at once wc st- 
air enonnoiis difference', between man aii< 
all othi^r v(‘rtel)rat(’S on the one hand, aat 
all invertebrates on the other. The' in 
vert(*bratc wcais its skeleton oiitsidi' 11 
body, and llii* vertc'brate has its skt'lclc' 
in?^ide its Ixuly. Hard insider, soft outsaK 
is the vertebrate rule, and to this rule nia 
conforms. It contrasts him, say, with fii 
lobster, no less than tin' ]>osscssi()n of a hack 
bone; and it allies him, obviously, will 
the whale and the fish, against the “ slu 11 
fish,” so called, which are not fishes at all 

Tims we see the. body of man, a Iniii 
limbed inainmalian vertebrate, having ai 
internal sk('letnn, snp})oi'ting soft tissiu- 
and covered with skin which bears ii*- 
seales or feathers, but hairs. 

The Vertebra e that has Developed a Skull 
and Lost a Tail 

Like other vertebrate bodies, his has 
long diameter or axis, coinciding with tli 
backhon(\ and at one extremity of this loi... 
axis we. find a typical head, while at the otlu* 
we note that, a visible tail is conspiciinii 
by its absence. The trunk is the contra 
and axial part of the body, as it is also tli' 
oldest historically, and the head is a spei ia 
development from its end of the tninl'j 
even though we may no longer agree v it* 
Goethe and other precursors of evolution 
who thought that the skull was modith"^ 
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from the vcrtcbrfe at that end of the back- 
bone. This backbone is situated, of course, 
near the back of the body, tliough not out- 
side it, like the back-armour of an inver- 
tebrate. On the opposite aspect of the 
body we notice evidence, in both sexes, of 
the presence of the typical glands which 
give their name to the mammalian order. 

From near the head end of the trunk there 
springs one pair of limbs, and from near the 
tail end there springs the second })air. 
These, with their attachments to the 
trunk, constitute a series of apj^endages to 
the axial part of the body, so that anato- 
mists are in the habit of streaking of the 
axial and appendicular parts of the skeleton 
respectively. If, now, we compare these 
jxirts of man's body with the features of the 
bodies of the lower animals, we find an 
extraordinary measure of correspondence, 
going far deeper than the surface. There 
is no choice but to give the same names to 
the biceps of a man or of a gibbon, to the 
shoulder-blade of a man or a mouse. 

MaA's Perfection the Result of his Extra- 
ordinary Imperfections 

Thinking of ourselves, in our tyjiical 
erect attitude, we speak of front and 
back. The anatomist, however, who is 
bound to be a comparative anatomist, 
studying the different types of animal 
body simultaneously, is often compelled, 
of necessity, to think of man in the posture 
of the lower animals, and thus he uses the 
word “ ventral," from the Latin for the 
stomach, as in ventriloquy, or stomach- 
s])eech, and the word, “dorsal," from the 
Latin “ dorsum," meaning back, to indicate 
the two aspects of the body, so that the 
same words can be used to compare upriglit 
man and horizontal mouse, when the details 
of anatomy are under consideration. 

Rut at this point we begin to find that 
the body of man is strange and unprece- 
dented when compared with its nearest 
allies. Each of these allies, no doubt, 
tliffers from the others ; the elephant ami 
the bat and the whale are each strange 
and unprecedented enough. Man is so in 
a totally different way. Each of them is 
made for a particular environment and 
kind of life ; man appears to be made for 
none in particular, and therefore for all, 
Tliese simple words express one of tlie chief 
facts of science, and he knows nothing of 
the science of man who ever forgets them. 

Consider, 'for instance, locomotion. This 
is a cardinal matter, for the body of man, 
kke all other animals, requires to move in 
Search of its food, whereas plants, whose 


food is almost everywhere, do not recpiire 
to move. It follows that, whatever animal 
we study, we find it prepared for locomo- 
tion, of one kind or another. What kind, will 
depend not on chance or cai)rice, but on the 
inner nature of the creature, and its needs 
of diet, offence and defence, and shelter. 

The Adaptatioa of an Animars Limbs to Its 
Special Functions 

Thus, every sort of animal tends to 
become a specialist in one kind of loco- 
motion or other. The bird takes to the 
air. and finds itself soon compelled to make 
all manner of sacrifices so as to be as good a 
flier as possible. The sloth takes to trees, 
and soon obeys the same necessity, like the 
fish or whale in the sea, and the horse on 
land, or the hippo[)otamus — the river-horse, 
as its name means — in the river. 

Now, every specialisation necessarily in- 
volves sacrifice. Every animal that adapts 
itself to one environment, by so much un- 
ada])ts itself to others. Birds may swim 
and dive, and fish may fly, but these are 
s])eci€il feats, and the bird must return to 
the surface or die, and the fish must 
return to the depths or die. You cannot 
sacrifice fingers to make wings and fly, 
and then expert to play the ])iano, or even 
grub for worms, with your wings. 1'he 
key that exactly fits one lock fails to 
fit another; and just like key and lock, 
are species and environment. It must be 
a skeleton key, or a master-key, that can 
contrive to fit all or almost all locks ; and 
strange it will look beside all those which 
are specialised for one lock alone. 

Now, if we look at the body of man from 
the point of view of locomotion, we are 
])uzzied. Seriously, if we came from Mars, 
and were faced with man, and knew nothing 
of him, though we did know all other species, 
we should not know where to place him. 

The Physical Powers of Many Animals that 
are Superior to those of Man 

We should place him, indeed, among the 
mammalia, and so forth, but where to 
})lace him, literally, we should not know. 
Is his body meant to walk or run, climb, 
swim, fly, or burrow ? We have only to 
^^ncc at bird, fish, mole, monkey, 
antelope, to answer such a question, but 
man's case is not so easy. Certainly, he 
was not made to fly, never did fly, and 
‘ never will fly — it being remembered that 
wc are speaking of his body. His mind 
may be up to anything, but we are not 
now talking of that. Nor is it made for 
burrowing, for instead of claws he has the 
most inadequate nails, which arc useless 
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ior the purpose. Certainly he can swim, 
and in the most favourable possible con- 
ditions, accoini:)anied by a tug, he may 
even swim the Channel. 

But this is a rare and extraordinary feat, 
just because the body of man was certainly 
not made for swimming. What was so ob- 
vious as regards flying tliat we did not even 
need to point it out, is scarcely less so as 
regards swimming. Man’s limbs arc 
evidently unsuited for the purpose ; and we 
have only to watch a swimmer who has 
equipped feet and 1 lands with plates to realise 
what it means for whale or fish or web- 
footed bird to have large flat surfaces for 
[lurposcs of swimming. 

The Triumph of Men's Nervous System Over 
His Body 

Man is somewhat web- footed and web- 
fingertid, as wc have all observed, perhaps, 
in comparing the length of the fingers seen 
from in front and seen from behind, but 
he was not made for swimming ; and his 
feats in the water, whether as a swimmer 
or as a boat-builder, are like his feats in the 
air — they stand more to the credit of his 
nervous system and his mind than to the 
credit of his body. 

Then perhaps man was meant to climb*. 
His heavy, all-im])ortant liejid, which is 
such a problem for the swimmer, does not 
matter in the meclianics of climbing. 
Further, man’s ancestors were arboreal, 
and his teeth are well adapted for eating 
fruit and nuts and lea\'es. But again he 
disappoints us. His body is far heavier, in 
proportion to his limb-strength, and espe- 
cially his arm-strength, than a monkey’s. 
His hands can grasp c.xceedingly well, none 
better, but his feet — what a falling-off 
was there, we may say in two senses ! 
For they cannot be trusted at all, and may 
at any time cause his destruction, yet 
they arc descended from feet which grasp as 
well as hands. Man’s feet arc very de- 
generate feet, it seems. The great toe cannot 
be opposed to the other toes, as the thumb 
can be opposed to the Angers ; in losing the 
opposable great toe of liis ancestors man 
lost for ever his tree-climbing powers. 

The Value of the Tail as a Fifth Hand for 
^ a Climbing Aaipial 

Every boy^who has been taught to climb 
a rope, and grasp it with his knees and 
feet, knows by personal experience how 
wide is the contrast of climbing utility 
Ix'twcen feet and hands, but the ape and 
the monkey know no such difference. 

Man’s climbing is thus what his swimming 
is — a feat, and has to be learnt and directed 
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carefully by the ner\'ouS systerri against 
serious difTiculties. always. And if we hav(‘ 
any doubt of tlie strange falling off of man’s 
body in this matter of climbing, we mav 
remember the expert decision about tin; 
monkey’s tail. Not only do many monkeys 
use their tails as a fifth hand — and oik' 
cannot have too many hands for climbing-- 
but even those which do not actually grasp 
with their tails use them for purpose's 
of balancing, when they walk along 
a branch. The tail touches the branch 
behind, sometimes on one side and some- 
times on the other, partly helping tln^ 
balance mechanically, and partly doing so 
by sending hints of the bociy’s position uj) 
to the balancing centre in the nervous 
.system. Man has the skeleton, and somi- 
what more, of a tail of sorts ; but it is ol 
no use to him in climbing, or for any other 
purpose. Even tlie kangaroo, wliicli is 
somewlnt erect, after man’s fashion, gct> 
locomotive advantage from its tail, and is 
man’s superior in that respect. 

Man's Great Inferiority in Two Important 
Faetors 

There remain nothing but walking and 
running, crawling being out of the question 
for a creature with hands and feet like man. 
except as a feat in emergency, like climb- 
ing and swimming. Doubtless man walks 
and runs very well — for him ; and wc 
may argue that other suggestions were not 
worth making. But in point of fact man’s 
ordinary mode of locomotion, though his 
best, is by no means perfect. In any kind 
of locomotion, we chiefly consider two things 
— speed and endurance. 

These are the two factors that matter for 
life ; and we find animals that live by the one. 
and those tliat live by the other, sonic 
having much of both. We recognise these 
two points in ()ur sports, with their sprints 
and tlicir long-distance events. Man is 
instantly outclassed by scores and hundreds 
of aniipal competitors in either kind of trial. 
His sprinter cannot catch a dog or a cat or a 
rat, because these animals have four legs to 
his two. When man withdrew his fore- 
limbs from locomotion he withdrew from 
any chance of competition as walker or 
runner at any distance. 

But his plight in the only form of loco- 
motion which he can boast at all is much 
worse than any racing can show.' His feet, 
pitiably inadequate for climbing are onlv 
one degree better for walking. Their 
nakedness is deplorable. No claws, retrac- 
tile or fixed, no velvet pads, no hoof, 
tliick, dense, resistant development of skin, 
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such as the elephant has ; nothing but a 
naked, soft-skinned sole, wliich any little 
thorn or jagged stone may disable. We 
wear boots and shoes ; our primitive 
brothers wear what they can make, binding 
cloth or rushes or something round their 
feet ; and wooden clogs are hard to beat. 

But with nothing — what a quandary ! 
To be barefoot has always been the sign of 
poverty and misery- —adopted therefore by 
barefoot friars, but even they must have 
sandals. Do w^e not see what a remarkable 
fact this is — that practically nowhere can 
man walk along barefoot, and yet his body 
is adapted for nothing else ? 

The Veins of Men that are Unsuited to His 
Erect Attitude 

With feet which cannot climb, or walk 
unprotected, man need not be surprised to 
liiul that the erect attitude, which leaves 
liis inadeciuate feet unaided by his hands, 
is by no means suited to the rest of his 
Ixvly. The walls of veins are thin, and apt 
to stretch. Therefore veins have valves in 
them, to prevent the blood from surging 
bacicwards and to limit the weight of blood 
that must be supported inside any length of 
vein. Those valves are found exquisitely 
j)laced, say, in cat or dog, so that the risk of 
injury to the vein shall be as small, and the 
aflvantag(‘ t ) the onward circulation of the 
blood shall be as great, as possible. Man 
also has valves in his veins, and could not 
do without them. 

But, behold, they are not where they 
would be most useful. They arc distri- 
buted throughout the veins and limbs 
in just such fashion as would be most 
useliil for a four-footed creature, walking 
on ground or bough, with its back- 
bone horizontal. . But man walks erect, 
with a long, straight line up and down 
from hi]) to ankle, and he pays the 
price. He cannot walk or run or stand 
for long without his feet swelling, because 
the circulation of the fluids upwards from 
the feet, against the pull of the earth, and 
with the valves of the veins misplaced, 
is arduous, and soon becomes imperfect. 

Man (ha Paritgon and Man the Paradox of 
9 Animals 

Doctors know quite well how readily 
the ankles become puffy when health is 
impaired, and how, when 'the stocking is 
taken off at bedtime, the foot is marked 
by the pattern. They know, too, how the 
veins become stretched and varicose, and 
how the health of the skin is impaired in 
consequence. Now, these and many other 
ailments of the veins and the circulation 


in the lower limbs, and also many ailinentiJ 
of the feet, depend upon the fact which we 
have already proved: that man is very 
imperfectly adapted even to what is 
evidently the easiest mode of locomotion 
— walking about on the surface of the land. 

Such being the anatomical facts, man is 
found everywhere, as no other creature 
is, and wherever man is found he is lord of 
the earth. The condition of this pre- 
eminence is in his mind, and his body serves 
it by being Jack of all trades, and 
master of none. He has not specialised it 
to fly, walk, swim, burrow, climb, but it is 
sufficient instrument for making flying- 
machines and railways, and boats for the 
surface and the depths, for digging mines 
and building skyscrapers. No other creature 
has gone along this road — the one open road 
of life -and thus man's body, compared 
with that of any other creature, is a sort 
of nondescript, the least specialised, because 
it is the most adaptable. Shakespeare 
called him the paragon of animals ; he is 
no less the paradox of animals. 

This, that, or the other animal has been 
made a key to fit and turn the lock of a 
particular environment. Man the creator 
lias a mind which makes him, at will, a key 
to lit and turn almost any environment, and 
even to make new environments such as 
Nature knew nothing of before his day. 

The Marvellous Instrument by which We See 
the World 

This principle —that he is to be capable of 
anything, and that tluTcfore his body must 
i.ot be mechani('ally specialised for any one 
thing — applies to the whole of his life. We 
have here illustrated it from the case of 
locomotion, because that is fundamental 
for any animal, and because the illuslratirin 
is so clear. But it applies everywhere ; and 
one of the best signs about modern anatomy 
and physiology is that we arc beginning 
to look at the structure and the function of 
the body in the light of our knowledge 
regarding the kind of life, that man leads, 
and the kind of method to which he trusts 
in his competition with other forms of life. 
Much of the unwise criticism peissed by 
anatomists u])on the body, much of the 
bewilderment as to this feature or that, 
or as to the loss of a feature which seems so 
useful- -say, an opposable great toe -dis- 
appears when we learn to look at the body 
of man in this new light. 

For instance, if we turn from locomotion 
to sensation, no less important, we may 
well begin by looking at the eye. When we 
do so, we find that this organ, marvellous 
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though it be, is imperfect in many ways. 
Forty years or so ago, the great Helmholtz 
said that if the eye were sent him by 
an optical' instrument maker, he would 
return it as most unsatisfactory in structure 
and design. Huxley saw deeper when he 
pointed out that the eye is imperfect as 
a telescope, imperfect as a microscope, 
imperfect as a camera obscura — but it is 
something of all these. Admirable is the 
highly specialised eye of the dragon-fly, 
with its tens of thousands of facets ; 
admirable, also, the long-distance eye of 
the hawk, but what compared with the eye 
of man, naturally focussed on infinity, 
but capable of use for hours at a time at 
the shortest distances, and then ready to 
gaze at the stars again ? It is not only 
something of all the instruments we have 
named, but it is something of a spectroscope 
as well, and has no rival in the living world 
for discernment of colour-differences. The 
optician can construct a spectroscope which 
analyses light better, but will he also 
contrive to give it the properties of a micro- 
scope, a telescope, a photographic plate, 
and a cinematograph into the bargain ? 

The Sense of Smell that has Given Way to 
the Sense of Hearing and Vision 

We might consider the other organs of 
sense, and make the same observations, 
but it is almost more to the point to notice 
the nose alone, anci mark the conspicuous 
inferiority of smell in man. 

The organ is there, with its appropriate 
features, as found in other animals, and with 
nothing more to remark as out of the way 
than we find elsewhere in man’s body. 
But when we observe it more closely, 
we find it positively degenerate Man 
cannot be bothered with it. Such a sense, 
liighly specialised for u.se along with taste, 
at short distances especially, was all very 
well for creatures which work at short 
distances, and, in another use, for creatures 
which live by hunting prey which they must 
scent. Man, the ubiquitous, omnivorous, 
creative, will not burden the precious 
interior of his skull with the large 
nervous centres necessary for the full 
development of such a sense. He needs 
more room fpr senses like vision and 
hearing, which his mind can employ in 
speech, the all-adaptable; and so the nose 
may degenerate. 

Hence, the general facts of man’s body, 
when we have placed it in the animal 
kingdom, and have failed to place it on 
the earth — for it will go everywhere — are 
largely negative. Apart from its erect 


attitude, it is an unremarkable body, 
mechanically and superficially inefficient. 
Endow man’s body with any brain less than 
man’s, and he would become extinct at 
once. Give him the brain of the highest 
ape, and set that the task of maintaining 
life with the body of man — it would be 
impossible. The higher apes have no tails, 
it is true, and already thus foreshadow 
that loss of old-established physical charac- 
teristics which is the mark of man’s body. 

The Efficiency of Man's Brain that Makes 
Up for His Physical .Deficiency 

Apes, however, are fairly covered with 
hair, which is an immense protection to the 
skin from all manner of risks — dirt, light, 
scratches, and many more. Man has not 
even that. 

As if in bravado, or to show plainly 
what his principles arc, he has even di- 
vested his body of its coat of hair, and 
prefers to clothe it with what his brains 
enable him to take from other animals, 
or what they make from the products ol 
the vegetable world. He is a creattire 
whose first home, w^as ln)pical or semi- 
tropical, observe, but set out to conquer 
the earth, from the Equator to the Poh's, 
and began his journey to colder climates 
by shedding his coat of hair. This para- 
doxical fact is highly typical of man’s bod\’, 
in its deepest as well as its superficial aspects. 

When we come to study liis instincts 
and .intelligence we shall find liow deep 
this principle has gone. Other creatures 
have spccilic instincts, adapted to their 
environment, and to no other, just as they 
have specific structures, for single purposes. 

The Ever-growing Intelligence ^ that has 
Supplemented Haman Instinct 

Man, for his part, has shed these specilic, 
rigid, within their domain perfect, but 
uiieducable instincts, just as he has shed 
claws and hair, and threatens even to 
shed his teeth. Such instincts would gi t 
in his way, just as fine birds’ wings for 
flying, at the cost of his fingers, would 
lower instead of raising him. In the 
domain of mind we find that the rigid, 
limited instincts of his ancestors, perfect 
for their purpose, worse than useless in 
any new situation, have yielded in the 
inainTo something called intelligence, which 
knows nothing “ by nature,” requires to 
learn, and takes a very long tiijie about 
it. But intelligence knows no limits; it 
can employ man’s no longer rigid but plastic 
'instincts, it is capable of adapting itsell 
to all possible conditions of existence, and 
of adapting the outside world to itself. 
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Thus wc see that this unique being, 
made of body and not-body, is consistent 
throughout. In other aspects of his being 
he is at first sight particularly undis- 
tinguished; and that is why he can dis- 
tinguish himself in every possible sphere, 
and beat every animal at its own game. 

Again, how much more clearly is the 
paradox pointed when wc look at the 
body of man in its infantile state! If it 
is open to criticism when mature, it is 
simply ridiculous, if not pathetically inept, 
when immature. The human baby is the 
most helpless of living things, and will be 
lord of the earth. It is lu'lpless in body, 
and all but helpless in instinct. Its 
intelligence sliows not a trace of its coming ; 
and while its body is not adaptc'd for 


world, .fit themselves, and rest and are 
thankful. But it is the splendid attribute 
of man that he never is, but always to be, 
blest. No niche in the world is good enough 
for him. He proposes to reniakc the 
world, and docs so at this hour — severs 
continents, creates new chemical com- 
pounds for his protection from microbes, 
builds cities, and .so forth. 

The body of man is an animal, but it 
belongs to a creator, and it is tlie body 
of a creator, who accepts it not as a linished 
or final product, but as an instrument of 
his creative^ purpose. The instrument of 
the great artist must be simple, a brush, 
a ])encil, a chisel, not comidicated like the 
machine that makes a pin, because the 
great artist does not know what he is to 
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anything but the erect attitude, it is yet make nntil he tries, and there is no eiu.1 

many months short of being adapted even to the \'ariety and scope of his work, 

for that. But this naked, lielphvss, inept Tlierefore lu^ recpiires a simple iiistrumt'iit, 

object, ridiculous from the mechanical which is adaptable to any purpose* - a 

point of view, since its balance is so p(*ncil which can write .an addition sum 

defective, and no less ridiculous from the or .an (*pic, a chis(*l which can make a 

point of view of instinct, or of muscle, or inanteli)iec(* or a ^ladonna, an alphabet 

of sensation, is so ('.\actly because it is and a musical scales which can make* all 

preparing for a universal conquest, and language* eiiel all music, 
must iie)t allenv itself te) be led iiilf) any Just so is man’s body, Jmd me)re so will 
cul-de-sac at the start. it be'e'emie, the simple*, all-capable*, adaptable, 

livery other living creature is in suedi a supple*, f»bedicnt, limitless instrument of the* 

cul-de-sac. Brains may grow .somewhat creative* artist, who looks upon the earth 

larger, boners stronge^r, leaves greener, but and n])on himself, finds neither all anel 

in every case all has been staked upon whedly ge)od, and is nenv steadily, very 

one limited possibility of environment, slowly, but very snrc'ly achie^ving with 

Man alone has trave*lk*d the (jpen re)ael, and, this strange new-old instrume*nl ot his. 

while he has sacrificed nothing vital, has which wt* c.all the body of man, the pur- 

lost and continues to lose whatever is pose of the mind (jf man. which is to take 

not worth his while on this endless jour- the world without and the world within, 

ncy. Other creatures find a niche in the and remould it nearer to the heart’s desire. 
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" A FAVOURITE CUSTOM ** FROM THE PAINTING BY SIR LAURENCE ALMA-TADEMA, R.A. 

The baths of the Romans were probably the largest and most luxuriant in the world’s history, 
some of them having a capacity for three thousa^^d bathers. A perpetual stream of water was 
poured into the capacious basins through the wide mouths of lions of silver. “To such a pitch of luxury 
have we reached,** says Seneca, “ that we are dissatisfied if we do not tread on gems in our baths. 

, Reproduced by peradHiloii of the Berlin Photographic Company 
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THE LAW OF THE BATH 

One of the Imperative Decrees of Health 
and How Its Demand should be Obeyed 

THE VIRTUES OF HOT AND COLD WATER 


S INCE all life is lived in water, as we know, 
and since it is certain that the body is 
always losing water, a new supply is always 
required, especially as our power of storing 
water is very small, and disastrous conse- 
quences follow when we store more than a 
very limited quantity. Our needs in this 
respect are shared with all forms of life, 
but we further resemble other high forms, 
such as trees, in that we no longer take 
water in at all points, but only by a special 
clxinnel. The tree is rained upon or we may 
be drenched to the skin, bu+ neither of us 
takes in one drop of water in consequence. 

First of all, therefore, we must study the 
laws of health in regard to external water- 
water which never enters the body at all, 
but may afflict it. We have only to remem- 
ber the mysterious company of ailments 
conveniently, and ignorantly, called “ rheu- 
matism,” and their connection with damp 
states of the air or of one’s clothes, to sec 
that water outside the body may affect it 
not only obviously but also subtly, no less 
than water inside it. 

In all the air we breathe there is water- 
vapour, as one of its normal gaseous con- 
stituents, and this we inspire with the rest. 
But as we always give out more, in each 
breath, tlian we took in, evidently the body 
receives no water from the inspired air. 
It docs not follow that the water in the air 
is of no conseiiuence. On the contrary, its 
quantity affects us deeply. Strictly speak- 
ing, what matters is not the quantity of 
water in the air, but the proportion of it, 
in comparison with what the air can 
possibly hold. The warmer the air is, the 
more water it can hold; and a warm air 
may thus contain far more water than a 
cold air could. But what matters to us is 
that the cold air, perhaps, is filled with 
water, or saturated, whereas the warm air, 
though holding far more, has no*^ exhausted 


its capacity. We therefore require to 
introduce the idea of a relative humidity of 
the air to express its ])r()portion of actual to 
possible moisture at any given temperature. 

This (picstion of relative humidity is of 
unceasing importance to the meteorologist, 
who is constantly concerned wnth the 
instruments that register it, and finds its 
consequences everywhere. But we have 
lately learnt that it is of no less importance 
in matters of health. The body must 
continuously lose water if it is to live ; the 
process is exactly and entirely as essential 
as the need for the continuous intake of 
water. But while the task is largely under- 
taken by skin and bri'ath, and is easy and 
rapid when the relative humidity of the 
air is low, of course it is hampered when 
the relative humidity is high. 

Within the last few months ex])crimcnts 
have been carefully re])eated, and were 
described at the British Association meet- 
ing at Portsmouth in 1911, which prove 
conclusively, by exact. observation on man, 
w^hat has hitherto been only presumed. 
We now know that one of the chief causes 
of fatigue, headache, depression, lack of 
appetite and subseciuent aiicxmiia, following 
exposure to confined air, is the fact that 
such air soon gets loaded up with moisture, 
and then retards our loss of it. The subject 
is so important, and will require to play such 
a part in future reforms of housing and 
ventilation, that we must return to it. 

Meanwhile, we note that, while no water 
from without really enters the body by the 
lungs, any more than by the skin — both 
being organs for getting rid of w^ater — it 
matters immensely that we live in an 
atmosphere which contains water; and our 
health cannot long be maintained in any 
atmosphere which contains such a propor- 
tion of actual to possible moisture that our 
getting rid of water is too much retarded. 
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Yf one hundredth part of the hygienic 
attention paid to the quantity of carl)onic 
acid in air had been paid to its relative 
humidity, \vc should all be much wiser in 
our practice by now. 

But when wc think of water outside the 
body, we naturally turn to washing, and 
there we may continue, though carefully 
remembering that the body has an inside 
as well as an outside, and that water is 
needed inside as w(‘ll as outd le for the ele- 
mentary ])urposc of cleanliness. If one had 
to choose between the two, one would have 
to take internal washing, for that is neces- 
sary to life, and external washing is not. 

The Matchless Waterproof Material whieh 
Admits Water One Way Only 

The skin is absolutely and at all points 
waterproof. One could not othcTwise sur- 
vive a bath. The a])pearance of water- 
logged skin, water-logged from within, is 
characteristic and tragic. Not only ne(*d we 
not fear such results from exposure of the 
skin to water, but we must not hoj^e to 
absorb either wati’r, or any salts or tonics, 
or drugs or foods, <lissolv<;<l in it, by means 
of the skin. Sea baths or nu’dicated baths 
may or may not lx; useful, but we are 
(lefmitely to abandon the notion that any 
of the contents of the wat(*r enters the body. 
Only by means of an (‘k'ctric current, 
specially aj)])lie(l, can we persuade medica- 
ments or f(X)ds dissolved in water to enter 
the Ixxly. It follows that any ]X)ssible 
results of tin' us(; of such special waters 
must follow from their action upon the skin 
and its nerves, from without. The skin is 
not less perfectly waterproof in the inward 
direction than it is perfectly permeable to 
water in the outward direction. It is thus, 
of course, the ideal waterpnx^f, never to be 
rivalleil by any invention of man, for, 
however light and well contrived our cloth- 
ing may be, it can never hope to equal the 
admirable skin, which lets no water in and 
lots all water duly out. 

The Right Kind of Exercise that a Morning 
Bath Affords 

We may confidently say that modern 
knowledge of the Ixxly and of disease 
has not robbed water of its place. Our 
business in these pages is to get at the 
root of this matter, not least because the 
process may help us to ascertain how far 
one may practise such means of health at 
home, and how far it is essential to have 
a flowing pnrse, and betake oneself to, say, 
the hot mud establishments of some Austrian 
spa. If we all remembered that nothing 
dissolved in water enters the body through 
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the skin, wc should be better prepared to 
spend our means wisely when in search 
of health. 

To begin with, it is good to wash because 
it is good to take exercise. This is a sensible 
kind of exercise, just sufficiently interesting 
to the purposeful mind. It involves mucli 
variety of movement. In the course of 
washing, the skin is rubbed and massaged 
mechanically, quite apart from the action 
of the water upon it. This exercise is reason- 
able in the morning, for it is not too much 
strain upon the nervous system, which 
takes many hours really to wake up and' be 
at its best ; and also it is a tonic, and helps 
the nervous system to bestir itself. But if 
the action upon the skin is really to be tonic 
it must be induced in the right way. Wc 
want the skin to have its circulation im- 
])roved, but by no means to become con- 
gested ; we want its nerves to be stimulated, 
but not to be made irritable and over-sensi- 
tive. If wc use too hot water, or do not 
take care to neutralise its effects, the result 
will be; to cause the blood-vessels in the skin 
to relax, the n(;rves to send messages^of 
slackness to the brain, and to deprive the 
vital organs of bkxxl by diverting so much 
of it through the channels of the skin. 

The Right Kind of Feeling to Have on 
Leaving the Bath 

What exactly will have the good effect 
and what the bad in any given case, only 
the person in cpiestion can decide. Jhit 
the upshot of the wasliing, l(X)kt‘(l at from 
this i)oiiit of vit'w, must be to leave tlie 
skill cool, braced, perhaps glowing, but 
also cool, in the delicious fashion so familiar 
to everyone who has taken a bath of the 
right kind. That is the vital reaction; and 
if v)ne does not get it, a change must be made 
until one does. But to take a bath of any 
kind, at the end of which one is warm, 
pw'spiring, sleepy, and idle, is utterly wrong 
in every case, Ixnvever clean it may have 
made one, except only when sleep is needed 
and when bed is promptly sought. 

Healthy people should not require to aim 
at this warm, lax condition of the skin, 
because it should come of itself, neither too 
much nor too little, when we grow normally 
sleepy. Such kinds of bathing are to be 
looked upon as medical, though nothing but 
ordinary water Be used, and are to be 
regarded by healthy people as medicine is. 
And just so soon as the sleep is restored, 
and the undue flow of blood to the* brain is 
no longer a bad habit at bedtime, but has 
Been broken by the bath, just so soon 
should this kind of bath be modified — as the 
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doctor modifies his dosing with a hypnotic 
as soon as the patient can sleep without it. 

If the hot bath is taken in the morning it 
must be so taken that one does not leave the 
room hot and perspiring. We must run in 
cold water or have a shower, or not have 
the bath so hot to start with, or not stay in 
so long, but somehow we must contrive to 
leave the room keener for the day than 
when we entered it. The brain-worker who 
gets his letters in bed, longs to answer them, 
grudges the time for his bath, and after it 
finds himself genially philosophic and in no 
hurry, has had a bath of the wrong kind. 
The external cleanliness may be very satis- 
factory, but if one has so affected the body 
as, in the long run, to hamper and retard 
one’s internal washing, then one is really the 
dirtier and the worse in the long run. The 
pity is that, in this matter, as in so many 
others, personal, social, and political, we 
act on the great maxim of folly that what 
is not seen is not dirt. 

In general, the hot bath is better at night 
tl^in in the morning, but even at night it must 
not be excessive. It has further advantages 
at night, in that it is cleaner than a cold 
bath. It should always be brief, the 
hotter the briefer, and on the whole it: is not 
to be named as a means of health compared 
with a bath which is fairly warm, just warm 
enough, but not nearly hot. 

The Hot Bath for Cleanliness and the Cold 
Bath for Tonic 

Hot water has enormous advantages for 
washing with if it be ])ropcrly used. It is 
the rule that the body fats and oils are just 
between liquid and solid at the temj^erature 
of the body. Hot water liquefies those which 
have passed through the skin, and those oils 
also which we get from the smuts of city air. 
The stimulation of the nerves by heat is 
good if it be brief, and especially if it be 
followed by cold. One of the recognised 
methods of encouraging the breathing of a 
new-born baby which is not doing well 
enough in this respect is to apply liot and 
cold water alternately to the skin. For 
other people hot first and then cold is the 
riglit sequence. If one were to bathe twice 
a day, the hot bath should be the cleaning 
bath at night, and the cold bath should be 
the tonic bath in the morning. 

Hot water should be cautiously used for 
the skin of the face, which is very thin, and 
the nerves of which are very numerous and 
sensitive. Many women use ve 'y hot water 
frequently for the face, because of the per- 
fect cleanliness which it alone makes 
possible, but they should beware of dilating 


the blood-vessels of the skin beyond the 
point at which they quickly and entirely 
return to their former size. Anyone with a 
tendency to a red face, or a red nose in 
particular, should avoid using any but luke- 
warm water — and cold water, of course — 
for the face, and should beware of hot 
baths, with their obvious tendency to 
increase the quantity of blood in the skin. 

The Limits of the Virtues of the Cold 
Morning Bath 

The cold bath in the morning is a stand- 
ing English tradition, and has been praised 
and practised far beyond its unquestionable 
merits. The writer^s risk in all such cases 
is that the hasty reader will now conclude 
that the cold bath is here decried. It is not 
decried, but its virtues are simply being 
defined. They have limits, like the virtues 
of other things. One has seen an elderly 
lady, long past seventy, who took a cold 
bath every morning, summer and winter, 
as she had done all her life, and who often 
required the entire morning to recover from 
its effects. It may have been admirable 
for her once, but it was most certainly 
not so when she was found with teeth 
chattering and fingers blue an hour later. 

It may be said that such cases are very 
rare ; but there arc countless cases, at 
the other end of life, where young children 
are brought up on the hardening system — 
winch too often ends prematurely as a 
stiffening system— without reason and ob- 
servation from day to day being brought 
into play. The test of the cold bath is in 
its consequences. The elderly and the 
very young stand cold badly, and react to 
it imperfectly — which is another way of 
saying the same thing. The strong and 
those in general who arc not at the ex- 
tremes of life arc caused by the cold to 
produce more lieat than ever, reacting to it 
as a highly bred horse to the flick of a whip, 
or as an orator to a great occasion. 

The Exposure to Cold that Produces More 
Heat and Energy 

It can be experimentally shown that 
exposure to cold, which necessarily de- 
prives the body of heat very rapidly, 
soon thereafter causes the production of 
more heat and more energy, which are 
duly supplied for, in their turn, by a 
marked increase in the appetite and speed 
of digestion. This is simply one of the 
countless cases where the bofly is induced 
to call up its reserves, by being somewhat 
attacked. Mere vaccination induces so 
much resistance that one defies smallpox, 
though the vaccination merely called upon 
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one to defy vaccinia or cowpox. And here 
exposure to a little cold induces a reaction 
which would enable one, if necessary, to 
withstand far more. Similarly, a person 
with anaimia may be bled, in order to 
induce the body to form as much blood as 
it should — far more than merely to com- 
pensate for the blood removed. This is 
one of the ultimate principles of our lives, 
in health and disease of body and of mind ; 
and to learn it once and for all is a long 
way towards hygienic wisdom. 

How Long Should We Stay in a 
Cold BathT 

Now it takes only a very short time for 
the body to react to cold. This must be 
so, for the attack of cold is immediate ; we 
begin to be chilled instantly, and should 
soon succumb if the compensatory process 
did not begin at once, and then it will con- 
tinue long after the immediate necessity 
has passed, just like the immunity after 
an attack of scarlet fever. Since the re- 
action is so quick, it follows that the ex- 
posure need not be long. How long it 
should be will depend upon the individual. 
For each of us there is a degree of exposure 
which will produce the most reaction, and 
degrees beyond that which will produce 
less and kss, until at last the reaction fails. 

The problem for each of us is to find the 
right point, and not to exceed it. How 
long am I to stay in my cold bath ? the 
foolish reader may ask, but the writer is 
not so foolish as to tell him. You are to 
stay in your bath just so long as suffices 
to produce the most pleasant, warm-cold 
glow thereafter, and the best vigour for 
the rest of the day. (ienerally speaking, 
those who employ cold water at all for 
these purposes tend to overdo it. They 
very excusably think that, if half a minute 
docs them good, five minutes will do them 
ten times as much good, just as people 
think also about quantity of exercise. 

The Vital Reaction of the Body that Takes 
Place After Bathing 

They are quite wrong ;-"the reactions of 
the body are not meciianical or mathe- 
matical, but vital ; and they cannot be 
measured on such simple reckonings as 
these. Indeed, the proposition has been 
laid down that the value of a cold bath is 
in inverse proportion to its length and 
though that is, of course, not strictly 
accurate, and ignores the particular be- 
haviour of the individual case, it is so 
nearly true that it may be usefully re- 
membered. The vigorous and mature 
may forget it, but directly we have to 
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deal with the elderly or with the yoitng 
we must remember it. If \ve do not, we 
had better avoid any cold bathing for them 
at all ; but if we remember that it is good 
for them, but the less they have the better, 
then we may usefully employ this magnifi- 
cent natural tonic at any age whatever. 

Though we may be inclined to suppose 
that when a man has fever he is least 
able to endure exposure to cold, and should 
be tightly wrapped up, according to the 
appalling medical practice of not man}^ 
years ago, the fact is that fever is just the 
condition in which exposure to cold can 
be borne, and may often save the patient's 
life, by lowering his temperature in the 
safest possible way. Cold sponging, cold 
bathing, the “ cold pack," and other forms 
of employing ice itself, are the recognised 
and best methods of reducing many kinds 
of fever. Obviously it is one thing to 
lower a normal temperature to five 
degrees below normal, and another to 
lower tp the normal a temperature which 
was five degrees above it. The former i^ 
a departure from health, the latter a 
return to it. But many years must pass 
before the public appreciates the fact, and 
ceases to fear cold water internally and 
externally in fever, not to mention cool 
air, or ceases to pile the blankets on people 
who arc already too hot.. 

The Danger of the Sponge, and the Care 
with which it should be Used 

The .massage and friction of the skin 
•which naturally go with most forms ol 
bathing have already been praised. The 
stimulation of the nerves of the skin is very 
useful, alike to the skin itself and to the 
brain. Further, the friction is itself cleans- 
ing, quite apart from either soap or water, 
for it removes the old and inevitably dirty 
layers of skin which lie nearest the surface. 
The value of the nailbrush not only for tlie 
nails but for the whole hands has been 
proved long ago by surgeons, who know 
that this employment of it is an essential 
preliminary to true cleansing of the hands. 
The use of rough gloves in the bath, and of 
" loofahs " and similar rough substitutes 
for sponge;, is to be recommended. 

Surgeons do not now use sponges, for 
they know that these are incapable of real 
cleansing or disinfection. They use instead 
swabs, which arc only employed once. 
Doubtless we may freely continue to use 
sponges in ordinary life, but we should be 
scrupulous about their cleanliness, for 
sponges are with difficulty prevented from 
being dirty things. So apt are tliey for 
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the harbourage and conveyance of infec- 
tion that any sponge permitted in a house 
at all should be the property of only one 
person, and used by no one else. The 
domestic sponge probably plays a con- 
siderable part in the conveyance of tuber- 
culosis from one member of a household 
to another, when they arc on familiar terms, 
not to mention maladies like a common 
cold and influenza, boils and acne, and 
similar infectious conditions of the skin. 

The Harm that May Come from too Vigor- 
ously Rubbing the Skin 

Scrubbing of the skin can be very much 
overdone. The outer layer of the skin exists 
for the necessary purpose of protection. If 
we rub it away, or reduce its thickness un- 
duly, we simply expose the really living 
layers of skin that lie below it. Much washing 
may therefore promote dirtiness in the 
long run, by undid}' exposing the layers of 
skin in which dirt — above all, living dirt, 
crammed with microbes — may lodge and 
cause disaster. IMany people, especially 
children, suffer -at any rate, much irritation 
and discomfort, if nothing more — from 
having roughish wool or flannel put upon 
^kin which has been too rigorously scrubbed. 

This point especially applies to the face. 
The skin is here very thin, and unfortunately 
the face is much exposed to dirt in the air 
of modern cities. The citizen, therefore, and 
especially the ritizencss, anxious to look her 
best, washes the face irequently, and very 
often gives it a good rub, to make it per- 
fectly clean. She uses very hot water, and 
she rubs off much of the outer layer of t.hc 
skin. Thus she dilates the blood-vessels, 
making the face red, and removes much 
of the white layer which normally screens 
the red blood. Further, she exposes the 
warmed and largely denuded skin to all 
manner of irritant dirt and microbes and 
sunlight ; and unless she is wise in time she 
will be reduced to enduring a disfigurement, 
or replacing with powder the layer of useful 
skin which she has been at pains to remove. 

The Best Kind of Sdap to Use for the 
Skin 

In the ordinary way, only one woman in 
many who make the mistake learns about it 
— and that too late, from the skin specialist 
or the professional purveyors of “ beauty." 
It is better to understand the very simple 
facts of the case, and treat the skin of one's 
face with more respect from the first. It can 
be kept clear and clean without the use of 
hot water, or scrubbing, or even soap. 

Not that soap is to be underrated as a 
means of cleanliness. Very largely it acts 


by helping to dislodge and loosen the outer 
cells of the skin, already ripe for detach- 
ment, and thus soap and scrubbing have 
just the same effect. Also soap acts 
chemically by dissolving ‘‘the fats and oils 
of the skin, and carrying away the dirt 
which naturally sticks to and lies in these 
fats and oils. There is also an action of the 
suds, which is not chemical, but seems to 
depend on making an “ emulsion " of the 
skin-fats, and so getting them away. These 
actions are best displayed in an alkaline 
soap ; and there are very few soaps which do 
not contain a quantity "of free alkali on this 
account, especially as the value is no. less 
for clothes than for the skin. But tlie skin 
is unlike any piece of cloth, in that it is alive, 
and it is apt to resent the use of alkalies, if 
they be of much strength. It is better to 
use, fr>r delicate skins, soaps which have 
been prepared for the ])urpose. such as 
".superfatted ” .soaps, which contain free 
fat and no free alkali. No soap containing 
free alkali should be used for the thin and 
sensitive skin of the face, but only a mild, 
non-alkaline soap which acts in the third 
of the three ways we have not(Ml, but not 
in the other two. It must be remembered 
that soap is a human invention, and that 
skin is much older. The skin has its own 
power of cleansing itself, as no lifeless surface 
has; and if it be reasonably helped it is 
more likely to remain well and clean than 
if it be treated as if it were a metal plate. 

The Best Possible . Kind of Exercise that 
We Can Take in Water 

Obviously our first principle's are all 
unsound if bathing in the open air is not 
far superior to anything indoors. All the 
arguments in favour of the open door, even 
beyond the open window, apply here, as 
to every form of exercise, game, or sport. 
The value of moving air is closely similar 
to that of moving water — moving because 
it is in a stream or on a shore, or because 
we are moving in it, which comes to tlie 
.same thing .so far as the action on the skin 
is concerned. We ought to aim at personal 
movement, in water, whether indoors or 
out, even more than at personal movement 
in air, because water is colder, being a good 
conductor of licat away from the body, 
which dry air is not. The best bathing, 
therefore, is swimming ; and of all the uses 
and applications of water outside the body, 
ordinary or medicihal, there is none so 
good, so natural, so free from drawbacks, 
or so various in its utility to mind and body, 
not to mention the lives of others, as we 
obtain in swimming. 
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THE_:WARSHIP RINGS' UP THE SUBMARINE 



The telephone in the submarine ends with a pair of short wires projecliii”; into the sea. Far away, on llie 
battleship, a similar pair of w ires trails from a telephone into tlie water. Flie electric current set up when 
the men in the submarine talk to the men on the battleship travels from the first pair of wires into the 
sea, and the sea acts as a conductor and carries the current so that it aflects the second pair of wires. 
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TALKING ACROSS THE SEA 

The Coming of the Day when We Shall Speak 
Across an Ocean as Clearly as Across a Table 

DEVELOPMENT OF THE WIRELESS TELEPHONE 


VI^E arp in a position to announce that, 
™ within perhaps one year, Englishmen 
and Americans will be able to talk to each 
other over the vast space of the Atlantic 
Ocean. 

This will be done without any cable or 
other material means of communication. 
An absolutely new principle lias just been 
discovered: and we hope soon to lie able to 
publish details of the marvellous invention 
which will enable men to speak to each other 
across the ocean as easily and as clearly as 
they now speak across a room. 

Already, by means of another system 
invented by Professor Valdeinar Poulsen of 
Copenhagen, it is possible for a man in 
England to talk to a man in Denmark, 
merely by speaking into an electric arc 
lamp. There is no cable, no wire of any 
sort ; only one lamp at Lingl)y in Den- 
mark, and another lamp at Cullcrcoats lu-ar 
Newcastle, iLiigland. Al)ov’e the lionse, in 
which the arc lamps burn, rises a sort .of 
liuge umbrella-frame, made of wires, ft 
stands about 220 ft. higli, and it acts in 
somewhat the same way as the receiving 
apparatus in wireless telegraphy. In other 
words, it collects the spoken messages sent 
out from the arc lam}) some hundreds of 
miles away. Rome and Messina have also 
been connected by a wireless telephone. 

At present. J25 miles is tlu' longest 
distance in Europe over which human 
speech has been transmitted, clearly and 
distinctly, without any wires ; and from 
America come reports— which perhaj:)s need 
discounting— of still more startlifig experi- 
ments. Public attention, however, lias b<*on 
so entirely occupied with the lesser marvel 
of wireless telegraphy that scarcely any- 
thing seems to be generally known about 
the extraordinary progress achieved in the 
last few years in the master science of 
wireless telephony. 


Yet everything goes to show that the 
wireless telephone will be triumphant over 
every other means of communication at a 
distance. Doth in ordinary telegraphy and 
in telegraphy without wires, human lan- 
guage is translated into a strange, awkward 
ilialecl of dots and dashes ; and a staff of 
oj)eralc)rs is needed first to turn the message 
into clicks, and then to translate the clicks 
back again into wriltiai words. No quick 
and direct question and answer are possible 
to tlio public using any form of telegraphy. 
How different it is, t'vc'ii with the ordinary 
telephone ! There is no moans of communica- 
cation so satisfying as liiinian speech ; and 
il is due to this fact that wire telephony 
to-day is superior to tlie older art of 
telegrapliy. 

Comj)are, for instance, the progress made 
l)y our (iovi'niinent in its ordinary tele- 
graph serviei' and its teleplione service. 
Till* telegia})h is (‘very where worked in tlic 
saiiu; way, hut in some of tlie teliqilionc 
systems two jierscms can get into instant 
eommuiiH'aliou with each otlier without the 
help of any ojH'iator. Delow the part of the 
tel(‘plione whicli lliey use hx speaking and 
listening is a dial. Round the dial is painted 
a mfmher of figures, and there is a pointer 
in t)i(* middle wliich can bo set to any figure. 
Hy moving the jioinler to the figures which 
represent the telephone number of the 
piM'son with whom it is wished to talk, 
eonimuniealioii is afoiu'c eslalilishcd with 
him. ICU’ctric currents tlow from the dial 
into the tilejiiione exchange. There tluiy 
set in motion a marvellous piece of mechan- 
ism, which uniU's the subscriber’s line to 
the line running into the lumsc of tlui 
pei:.;on with whom he desires to talk. No 
human hand or eye at th(‘ exchangti does any 
of the work. This automatic system is now 
being tried hy our Post Othce. It is the 
result of only thirty-six years’ progress in 


DEAtiNG WITH ELECTRICITY* OIL- GAS STEAM -AND ALL NATURAL FORCES 
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telephony — ^less than half the number of 
years devoted to the development of the 
electric telegraph. 

In 1875, forty-eight years after the in- 
vention of the telegraph, a young Scotsman, 
Dr. Alexander (jraham Bell, said to a friend, 
** Mr. Watson, come here ; I want you." He 
was talking in a noisy machine-shop in a 
narrow street in Boston, in the United 
States. Up three flights of stairs from the 
basement to the shop rushed Watson, 
breathless and wild with joy. 

"I can hear you!" he shouted as he 
burst into the room. “ I can hear the words ! " 

The Young Scotsman who Made the Modern 
Telephone Possible 

Such was the histc^ric birth of the new 
science of transmitting speech by elec- 
tricity, which now promises to transform 
entirely our means o communication 
throughout the world. If, as is expected, 
men will be able to talk next year across the 
Atlantic, a message of congratulation will 
surely be sent to l)r. Bell. For it was he 
who made modern telephony of every kind 
possible and practical. He began experi- 
menting in 1872 in America. At that time 
he was already well known as the inventor 
of an excellent system for teaching the art 
of speech to deaf people. His special 
interest in speech was indeed the source of 
his inspiration. He was trying to devise an 
instrument for making speech visible, with 
a view to enabling the deaf to see what was 
said to them. 

It took him two years to construct a 
crude machine. He placed two magnets 
at a distance, anil connected them with 
a wire ; in front of the first magnet he 
put an iron reed, and behind the second 
magnet he put another reed. The first reed 
vibrated under the influence of sound waves 
created in the air when anyone talked. Its 
vibrations affected the magnet, which then 
sent a current of electricity along the wire ; 
and this current varied according to the 
way in which the vibratifig reed swung 
towards and from the magnet. 

How a Man's Voice was Made to Set Up a 
Disturbance in the Ether 

When the varying current reached the 
second magnet at 'the far end of the wire, 
it changed the attractive force of this 
magnet. When the magnet became stronger, 
the iron reed behind it was bent towards it ; 
and thus a second series of vibrations was 
set up in the second reed, answering to the 
vibrations produced in the first reed by the 
sound-waves. 


In other words, the power of the human 
voice produced waves in the air ; these 
waves were actual, material waves,- like 
waves in water, the only difference being 
that they could not be seen. The iron 
reed vibrated under their influence in a way 
somewhat similar to that in which a reed 
would tremble in a breeze. When, how- 
ever, the iron reed in its vibration ap- 
proached the magnet — ^which was really 
an electro-magnet — it set up a current of 
electricity. In this manner a sound-wave 
in the air was utterly transformed into a 
disturbance in that mysterious medium 
the ether, which fills the whole universe, 
stretching between the vast airless and 
apparently empty spaces between star and 
star, and underlying and penetrating all 
forms of matter. 

Dr. Bell had thought out his machine 
only with a view to making sound visible 
in the vil^ralions of the iron reeds. He 
wanted to improve the reeds so that the 
deaf could see the vibrations very clearly, 
and could then study the vibrations until^ 
they understood what sounds these re- 
presented. By this means he reckoned 
they could be taught to see what was said 
to them. But the sight of the two reeds, 
vibrating in unison, suddenly set his mind 
working in another direction. The idea of 
a telephone was then born. 

The First Telephone Message that Came 
Through the Ear of a Dead Man 

This is how it came to Dr. Bell. He 
knew that the drum of the human ear was 
a vibrating instrument. When waves of 
sound travelled through the air to it, they 
made the membrane vibrate in the same 
way as they made the iron reed tremble. 
Dr. Bell worked all this out, with the ear 
of a dead man. At the back of the ear he 
placed a straw, that touched with one end 
the ear-drum ; the other end of the straw 
was set close to a piece of smoked glass^ 
Bell spoke into the ear, and the vibrations 
of the drum acted on the straw, which, in 
turn, made tiny markings upon the glass. 
Out of this rather gruesome experiment 
came the great discovery. The telephone 
was actually born in the ear of a dead man. 

For Dr. Bell had observed that, though 
the human ear-drum was small and thin, 
it could send, in an effective manner, 
through heavy bones, tlie thrills and vibra- 
tions representing all the modulations of 
human speech. “If this tiny disc can 
vibrate a bone," he said to some friends, 

“ then an iron disc ought to be able to 
vibrate an iron rod, or an iron wire at least." 
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A SCENE. AT A TELEPHONE EXCHANGE 



The busy hands of many operators are needed to work an ordinary teleplidne excliaii.ne. l-^ieh 
subscriber’s line ends in a socket, and tlie operator uses a short, detached line, with a plii.i* at tlie eiul, 
which can be fitted into tile socket. By this means she communicates with the subscriber, and connects 
the socket of his line wMlh tlie socket of the line he iiu|uires for. Such a busy sci-ne as this may one 
tlay disappear it the autimialic exchange should succeed. 
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His friends laughed at him ; two rich men, 
who had been assisting him with money in 
his experiments, refused to have anything 
more to do witli him unless he kept to his 
old ideas ; and the man whose daughter he 
was engaged to marry said he would refuse 
to allow the marriage to lake place, unless 
Dr. Hell abandoned the “ foolish teleplione.** 

The Poor Inventor who Spent All His Money 
in Working Out His Ideas 

The young inventor was extremely poor. 
He had given up a professorship in Hoston 
University, and spent all his money in 
working at his ideas. Nevertheless, he 
went on constructing a telephone for forty 
weeks -forty long, exasperating weeks, for 
the instrument would do no more than gasp 
and make strange, inarticulate' noises. Hut 
at last it talked ; and on March loth, 
1876, it said distinctly: “Mr. Watson, conu* 
here; 1 want you.’* Day by day the tone 
of the baby instrument grew clearer, a 
new note in the orchestra of civilisation, 
and erne destined to become the most 
powerful of all. 

So. on his twenty-ninth birthday. Dr. 
Hell was able to take out his patent, which 
has proved the most valualde single patent 
ever issued in any country. He had* 
created something so (*ntirely new that there 
was no name for it in any language ; and in 
describing it at the patent office he was 
obliged to call it “an improvement in 
telegra])hy.’* As a matter of fact, it was as 
different from the tt'legraph as tlic varied, 
flexibh*. and infinitely exju'essive eloquence 
of a great orator is different from the sign- 
language of a deaf-mute. 

Two months after the young inventor 
receiv'ed his patent, his telephone was shown 
at an exhibition in Philadelphia. There it 
was displayed for six vvei'ks without attract- 
ing any attention. Some judges were, 
imleed. laughing at it when the Kmperor 
of l^ra/il walked into the room with a troop 
of courtiers. With outstretched hands, 
the ICmpcrbr came forward, saying : “ Pro- 
fessor Hell, I am delighted to sec you again ! *’ 
The Emperor who was Stsggered by the 
Machine that Tnlked 

The interest of the judges was at once ex- 
cited in the young, pale-faced. inventor, who 
was apparently on terms of friendship with 
an Kmperor. Instead of passing away 
from the telephone without examining it, 
tliey waited to see what would happen. . 

The Kmperor of Brazil was especially 
interested in humanitarian work ; and some 
years befoie he had visited Dr. Bell’s class 
of deaf-mutes at Boston University, with a 
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view to founding a similar class at a school 
in Rio de Janeiro. Dr. Hell now asked tlu 
Kmperor to put the receiver to his ear, and 
he went himself to the transmitter at the 
far end of the room. No one knew clearly 
what was about to occur, and the assembled 
judges and men of science — fifty in number 
— ^waited expectantly. 

“ My God ! it talks ! ** cried the lunperor. 
raising his head from the receiver, with a 
look of amazement. 

“ It is the most wonderful thing I have 
seen in America,” said Lord Kelvin, wh(» 
followed the Kmperor of Brazil in listening 
at the receiver. “ It does speak.” 

One after another the company of 
brilliant and distinguished men listened 
to the voice of the first telephone ; and the 
more they knew of science, the less the\’ 
were inclim*d to belu'v^ti their ears. The 
greater tlu'ir knowledge, the greater was 
their wonder. The young teacher of deaf- 
mutes had given the human race a mar- 
vellous extension of the power of speech 
and tlie power of hearing. At the present 
day. Dr. Alexander (irahani Bell is a vt^ry 
wealthy man ; and by means of his inven- 
tion, men are able to converse with each 
other from New York to Denver, separated 
by a space of 2()(){) miles. 

Will the Prime Minister Sit at Westminster 
and Talk to the Empire ? 

Perhaps, in less than ten years, it will 
be possible for a Prime Minist(‘r of luig- 
laiuLto talk in turn with the Prime Ministers 
of all our ('olonies, he sitting in his room in 
Downing Street, and they in their houses in 
the capital cities of their dominions. 

The telej)hone is founded on two simple 
things. Sound is iK'ard by means of waves 
in tlie air, w'hich create vihratiims i:i the 
drum of the ear. Dr. Hell made a thin 
iron plate wdiich vibrated to sounds in the 
same way as docs the membrane of the 
humtm ear. He placed this iron membrane 
close to. but not touching, an ek'ctro- 
inagnet. From the magnet ran a copper 
wire W’hich w’as connected with a similar 
electro magnet ; close to this w’as ])laced 
another iron membrane. Words spoken 
against the receiving membrane made it 
vibrate, just as the iron reetl vibrated. Tin* 
vibrations moved tlie membranr' toAar(L 
and from the electro-magnet. Tliis set u]) 
an electrical current, wdiich ran along the 
wire and affected the second magnet. This 
second magnet began to attract and repulse 
the second iron membrane. 

Now comes the extraordinary thing. As 
the membrane vibrated under the action 




NK WIKJ-S AT PADDINGTON 


Till!. KATRS HOLDING THOUSANDS OF TKI.KPHONK 
-\ few vcais heiu e wi; shall no longer be able to gaze up at the network of telephone wires which 
overhang onr slnets in thousands. The nimlern system, shown below, is to run the wires 
underground in cables, whicli may contain as many as si-x huiulred wires as tliey enter the exchange. 
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rHi; MACHINH-THAT PUTS USa'HROUGH 



rile Post Onice is now expcrimonlinff with a new aiitoma ic telephone exclianj>t*, which has been a 
.i»reat success in America, in which no operator is required. The subscriber intlicales on a dial on his 
telei)hone the telephone miinber he requires. Klectrfc currents then travel from the dial to the exchange, 
and tliere set in motion a wonderful mechanism which performs all the work of connecting the two lines. 
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THE LAMP THAT BURNS IF THINGS GO WRONG 
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This !•< part of the “ Fault ’’ Board of a large Post Oflice hxchange. It consists of ranges of tiny lanips, 
>ach connected with the wire of one subscriter ; if anythiiiK goes wrong with the wne, and the e.eilnc 
•ireuit is broken, the lamp issiidtienly lightc-d. So perfect is the present teleplione sxsteni that '"■■ 'ing 
leriods no lights now shine on the fault board, though some are slicwn here to indicate the system. 
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of the magnet, it moved the air and pro- 
duced waves in it — not waves of electricity, 
but actual, material waves of air. That is to 
say, it produced sounds, and these sounds 
were a reproduction of the very sounds 
which had set the first membrane vibrating. 
To put the whole thing in another way : 
waves of sound in the air are transformed 
into an electrical -current ; this current can 
be sent along a wire two thousand miles in 
length. It is then set to act on a magnet, 
and this magnet acts on an iron membrane, 
and by this means the electrical current is 
converted back into waves of sound. 

How the Telephone Transformed the Human 
Voice into an Electric Current 

In short, Dr. Bell, by means of his tele- 
phone, first transformed mechanical energy 
— the energy of the human voice — into an 
electrical current. He sent this current along 
‘a wire, and at the end of the wire he re- 
t rails formed the electricity into the me- 
chanical energy of speech. This point is 
worth going into, for it shows that, in 
making his telephone. Dr. Bell used the 
same principle as is now universally em- 
ployed in running electrical trams and trains, 
and driving the electrical machinery in 
modern factories and engineering yards. 

l'2veryl)ody has seen a steel magnet pick 
up a bit of soft iron. A curious effect is 
produced if the bit of iron is not allowed 
to touch the magnet, but is only placed 
near to it. and then rapidly moved. The 
result can be seen by winding a copper coil 
round the end of the magnet, the coil ending 
in a k)ng wire of copper some hundreds of 
miles in length. When the iron is moved 
near the magnet an electrical current flows 
down lh(' wire. This is how electricity is 
manufactured at waterfalls, and in the great 
electric power-stations of our great cities. 

The Little Dynamo Set Going when Dr. Bell 
Spoke Into His Telephone 

The piece of soft in^n is fixed at the 
end of a shaft driven by water-power, 
steam-jx)weF, or gas-power; and close to 
the end of the sliaft where the soft iron 
projects is placed a magnet with a coil 
round it, and a wire leading from the 
coil. As the piece of iron spins round 
on the shaft, a current of electricity 
fl()ws from the coil of the magnet down the 
wire. Instruments of this sort, whifch turn 
mechanical work into electrical energy, are 
called dynamos. 

Now we can understand clearly the first 
part of Dr. Bell’s telephone into which he 
talked. The sound-waves of the human 
voice made the membrane of soft iron 
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vibrate. One twenty-fifth of an inch away 
from the membrane was a steel magnet 
with a coil of wire round it. As the mem- 
brane moved to and fro under the influence 
of the sounds produced by the human voice, 
it created a current of electricity in the wire- 
wound magnet. In short, the mouthpiece 
of the telephone was a little dynamo, 
worked by the energy of human speech. 

The receiving apparatus at the other end 
of the telephone was identical in construc- 
tion, but it worked in quite a different way. 
In factories driven by electrical power the 
current enters on a small copper wirci This 
wire is connected with the coil round :i 
magnet. Very close to the magnet is a piece 
of soft iron fastened to the end of the sliaft. 
When the electric current affects the magnet , 
the magnet in turn moves the piece of soft 
iron, and imparts a motion to it. 

The result is that the shaft, in which the 
iron has been fixed, spins round, and works 
all the machinery in the factory. The 
wheels of electric motor-cars, trams, and 
trains are made to revolv'^c in a similar way. 
There is an active magnet receiving fm 
electrical current ; and close to tin* magnet, 
but not touching it, is a piece of soft iron 
which turns round and imparts motion to 
the driving gear. 

The Receiver which Changes the Electric 
Current into Speech again 

It is really a dynamo with a sort of 
reverse action. Instead of converting 
mechanical power into electrical energy, it 
transforms electrical energy back into 
mechanical power. The technical name 
for it is an electric motor. 

Now, the receiving part of Dr. Bell’s 
telephone — the part he put to his car when 
someone was speaking at the other end 
of the wire — was practically a little electric 
motor. It transformed the electrical current 
into mechanical power. When the current 
affected the magnet, and made the magmet 
strong, the membrane of soft iron, fixed 
only one twenty-fifth of an inch away, was 
attracted inwards. When the current in 
the magnet became weak, the membrane 
of iron sprang backwards. In this way many 
thousands of extraordinarily slight move- 
ments were imparted every second to the 
membrane, and the result was a series of 
continual and exquisitely delicate vibra- 
tions which created tiny air-waves.' When 
these air-waves struck on the ear-drurn of 
Mr. Watson on March 10, 1875. they 
reproduced the human speech of Dr. Bell 
wiiich had acted on the little dynamo 
i forming the mouthpiece .of the telephone. 



A WIRELESS MESSAGE THROUGH. THE EARTH 



RECEIVING A MESSAGE: TRANSMIT-^ED BY WIRELESS TF:LEPnONE TO THE CAVES UNDER CHISLEHURST 

These portraits of an experiment recently conducted in the Chislehurst Caves show how important to 
miners is the latest invention in telephoning without wires. By means of two light, portable nistrii- 
nieiits, speech was transmitted from the hilltop to a cave nearly a mile away. I he two instruments 
are fixed in the eaith, and thecarth conducts the electric current from one instrument to the other. 
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HOW THE ARC LAMP CARRIES 

The invention of a way of <'ontroIli»^ 
an arc lamp l)y an Kn^lfsh eK*ctri(”il 
engineer, Mr. \V. Diiddell, has made 
it possible to speak across the sea from 
Denmark to h'ni;land, without wires. 

What Mr. Duddell did was to place, 
across the path of the steady, con- 
tinuous, electric current tlowini^; int(» 
the arc lam]), an arran^eiiK’nl which 
gave till? rurreiit a curious unsteadiness, 
'riie hame of the arc began to move 
backwards and forwards between the 
carbon i)oints, and this alternate move- 
ment made it “sing.” This form ot 
electric arc is therefore called a “singing 
arc.” W hen singing, tlu^ arc gtaierates 
— in an aerial wire — a swift, continual 
series of electric waves, and these w aves 
form a path, so to speak, along which 
human speech ( an be transmitted. 

W'hat ha])pens is something like this. 
A speaker talks into the mouthi)iece of 
a teleplmne in the ordinary way, and 
so sets up an electric current of varying 
intensity.^ 't his current flows through 
a coil which alYects another goil con- 
nected with the wires which .supply a 
very strong current of electricity to 
the arc lamp. The result is that every 
sound the speaker utters has an efTect 
THIS PICTURE-DIAGRAM DOES NOT, OF COURSE REPRESENT THE ACTUAL MECHANISM OF 
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THE VOICE ACROSS THE SEA 

<^?ii llu* <>s< ill.itions of llic* sin;^iii;^- arc, 

Wlial is nioiv iinnortaiU, from llu* paint 
1.1 vii w of wireless I'-lepliony, is the 
laet that tlie electric' waves hec'oine 
tlisUirhc cl, aiul the clisliirbaiu es iv- 
presc*nt, in a vei y e ^ac t way, the 
sound-waves mack* by the spc*<iker in 
the nionihpic*ci? of the h k’plioiu*, w hic'li 
ail- Iranslormed by ihe telephone into 
c*lectric c nerj;y. 'I'iu- disiiirbaiu'es arct 
very slight; only abiuit one tw<*ntieth 
j).iil of the stream ol electric wavc-s 
from the arc laini) is alTec'ted by the 
currc-nl c'omin.L; from the- telephone. 

A'et, by means of a rc ('c iviii.^; ap- 
paratus, it is possible, at a distance of 
three* hiindrc'd and inejre miles, louse* 
the sli.^ht disturbances in the ripple of 
elec'tricity, and (:han,u:e* these elisliirb- 
aiie'es bat'k inte:> llu* spe*e*e h whieMi 
started them. An ordinary te*lephone 
receiver, with special inodilications, is 
used, lhee*lTee:r beinji: to allow only the 
sli^lu dislurbane:es to affe ct the inai^net 
in the tehiphone reex-iver. The maj;net 
makes the iron membrane vibrate, and 
the vibrations result in sound waves 
exactly reproducing the speech of the 
speaker in the receiver at the odier 
end— across, say, the (ierman Ocean. 

THE TRANSMISSION, BUT IS DRAWN TO SHOW THE MAIN rRINCin i'. IN SIMITIFIKD lOKM 
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Of course, the whole energy of human 
si)eech is not reproduced in the air-waves 
tiiat come from the receiver of a telephone. 
Some energy is lost at the mouthpiece, 
where speech is turned into electricity. A 
loss again occurs in the current as it travels 
along the wire : and some of the energy is 
also lost in turning the electrical current 
back into the mechanical power of speech. 
These three sources of loss had to be dimin- 
ished before Dr. Hell succeeded in making 
the telephone into the new and practical 
force in civilisation tlia it is do-day. 

The Microphone into which we Speak Our 
Telephone Message 

The most striking improvement was 
effected by Professor K. D. Hughes, a 
Loiulon inventor, who made a large fortune 
in America, which he left to the hospitals 
of his native' city. Professor Huglies sa.v 
that the; weak ])oint in the tele])hone was the* 
mouthpiece. Too much of tlie power of 
human speech was (‘.\pended in crc'ating an 
i'lectrical current. Tliat was why the sounds 
reproduced at the other end were very 
faint, evc'ii at a short distance, 'foo iiiucli 
was being asked of the human voic'e. and 
Professor Hughes made its part of the work 
(*asier by the invention of a new kind of 
mouthpiece, which is now widely known as a 
microphone. 

All modern telejihone mouthpiece's are 
microphones. Thev are fitted with a thin 
membrane, resembling the thin sheet of iron 
that Dr. Hell first used, but behind this 
membrane there' is no ele'ctro-magnet to act 
as a dynamo. The elex:trical current is 
manufactured by the (lovc'rnment or com- 
pany working the telc'phone system, and it 
is pre'sent in the micro|)hone. It cannot, 
however, be use'd. because between it anel 
the membrane is a little box filled with 
grains of carbon. 

What Happens in the Little Box Behind the 
Mouthpiece of the Telephone 

These grains of carbon are packed very 
loosely together: and while they remain 
in thi^ loose condition “they prevent the 
current of electricity from getting into 
the tele[)lione wire which rims to the 
exchange. 

The most delicate pressure. on the mem- 
brane, howevei;, serves to bring the tiny 
grains of carbon closer together. \Vhen we 
speak into the microphone —generally called 
tile transmitter — the sound-waves which our 
voice makes strike against the inombranc.: 
and as this vibrates, it presses the grains of 
carbon together in very slightly varying 
degrees. So a varying amount of electricity 
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then passes through the powdered carbon, 
and flows along the wire. It goes through 
the telephone exchange, where it is con- 
nected with the wire running into the house 
of the man to whom we arc talking. He 
puts the receiver of the telephone to his ear ; 
and there the electric current acts on a 
magnet, just as it did in the original tele- 
phone. and makes a th'n iron sheet vibrate 
and give out sound-waves. 

Both the mouthpiece and the receiver 
of the ordinary telephone have been de- 
veloped in a marvellous manner, but the old 
trouble with the electric current itself still 
remains. The longer the wire, the weaker 
the current grows. That is why the tele- 
phone at prt'sent has, at its best, only about 
a third of the range of the wire telegraph. 
It is possible to telegraph from London to 
Teheran in Persia — six thousand miles : 
while tht^ two thousand miles between New 
York and Denver form the longest distance' 
yet covered in the transmission of speech. 
And this was onlv an experiment conducted 
with gn at difliciilty. In a practical, com- 
mercial way, the teh'phone line betwcfhi 
New York and Chicago, at a distance ol 
alxrnt a thousand miles, is the best piece of 
telephone work yet done. Iwery day a 
tremendous amount of business is carried 
on over this long-distance line. 

The Wonderful Current that Must Repro> 

duce All the Subtleties of the Human Voice 

Wlien a submarine caldc is used for the 
transuiission of speec.li, the difficulties arti 
much.incri'asi'd. f)nly of late yc'ars was it 
possible to construct a short cable which 
would enable a man on the ICnglish shore to 
distinguish cleaih’ what a man was saying, 
twenty-one miles away, on llii^ shores of 
France. A telegraph current has only to 
make a click in the receiving apparatus in 
Ol d 'r to carry a message. A ti'lephoiu'. 
current, on the other hand, has to reproduce 
all the subtle and rapkl inflexions of the 
human voice. The various little weak- 
nesses which affect a current when it is 
travelling a long distance over a telegraph 
wire ilo not interfere with its straightfor- 
ward. easy work of making a series of clicks 
at the end of its journey. Human speech, 
however, becomes distorted out ol all 
recognition when the electrical current 
whicli carries it grows weak or lags on its 
journey. 

This curious lagging occurs much more 
in submarine cables than in land wires ; and 
it Ls only recently that it has been partly 
overcome on the Paris- London telephone by 
inserting in the cable at regular intervals 
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little coils of wire wound in a special way. 
These coils are known as Pupin coils, from 
Professor Pupin. who worked out some years 
ago the principles on' which they are based. 

It is tJie l^ipin coil which has made the 
long-distance lines used in America a 
practical success. They enable telephone 
engineers to use a thick wire. In itself a 
thick wire is an excellent thing, as the cur- 
rent that goes over it is not weakened as 
miicli as it would be in going over a thin 
wire. Py using a thick wire, however, an 
t'leclrical engineer used formerly only to get 
irom one trouble into another. On the one 
hand, the current met with less resistance, 
and thus did not become weak. On the 
other hand, it lagged more on the thicker 
win*, and came t)ut so slowly at the far 
end that, when it was reconverted into 
sound-waves, the words were uttcrl}" un- 
intelligible. Hy means of the Pupin coil. 
how(*ver, this slowness has been overcome, 
and the wire telephone is rapidly extending 
its range. A few weeks ago it became 
possihk* to telephone from London to 
Swit/.eiiaiul and (lennany. Thus one by 
one the troubles are being avoided ; and it 
is now likely that w’e shall soon be aide to 
speak over a wire at a distance of four 
thousand miles or more. 

The Remarkable Instrument which Records 
a Telephone Message 

One of the most remarkable of recent 
inventions in connection with the telephone 
is the telephonograph of Professor Pierluigi 
Perotti. With tliis instrument attached, a 
telephone combines the advantages of 
transmitting human speech with the slower 
but more lasting record of a telegraphic 
messagi*. The great defect of the telephone 
is that the person who is rung up is some- 
times found to have left his hornet or his 
office. The telephonograph removes this 
defi'ct. It is a sc3und-box fitted t(3 an air- 
tight tube, which connects it with the tele- 
phone receiver. The sound- bo.x consists of 
a membrane of mica stretched over a circle 
of metal. When the telephone-drum 
vdbrates with an electric message, the mem- 
brane of mica vibrates in correspondence 
with it. On the mica meml^rane is fixed a 
small metal rod with a sapphire point, just 
like that useiUin a phonograph. Tliis point 
records, on a wax cylinder revolving beneath 
it, tlie speech-sounds transmitted to the 
mica membrane. 

There is a second telejdione receiver, .so 
that one can listen througli it in the ordinary 
way, or take a permanent record of the 
speech, or do both of these things at the 
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same tiirie. But if a business man leaves 
lii-s office for, let us say, lunch, he merely 
sets the telephone, so that anyone ringing 
him up in his absence will talk into the 
recording devdee, and leave the message 
written on the wax. The recording cylinder 
only works when a message is being de- 
liv'cred. A series of trials with the tclcphono- 
grap)h has been made over some of the 
Italian State telephone lines. The instru- 
ment was found to be very sensitive and 
generally useful, and it worked quite satis- 
factorily in the luinds of subscribers. 

The Automatic Telephone that Does the Work 
of an Exchange 

Still more marvellous is the improvomeiil 
which thice brothers, (ieorge William. 
Egbert, and H(3yl Loriiner, of Hrantfonl, 
Ontario, havi^ worked (3ut. These thrt‘i* 
young Canadians are said to have started 
without any telephone training ;md without 
having seen the iiisidi? of a lelephom* office. 
Yet they worked out a comi)li('ati‘d j^ii'Ci* of 
machinery, absolutely ])racl:cal in disign, 
which docs all the work of a small t(‘lei)hoiu‘ 
exchange. No ()])erators are m'edi'tl v 
connect the line of one subscriber to tlie liin* 
of tlu; person with wlunn lit* wishes to talk. 
The whole tclejihone system is automat ie. 
The subscribt*!' marks on a dial fixed on lii> 
own machiiK* the telephone number ot llic 
person to whom he wants to speak. 

Elect deal currents travel from his instru- 
ment to the c-xchangt*, where an intricalt* 
])iecb of mechanism is alri-*ady supplied witlj 
pt)wer, and only waiting for a slight electrical 
impulse to direct its workings. When the 
impulse arrives, it guides the machine to the 
exact wire with which the subscriber desires 
to be connected. If the wire is free, the 
machine makes the connection ; if the wire 
is engaged, it informs the subscriber of this 
fact by sending an electrical current whicli 
makes a buz>diig noise in his telephone. 

The Dream of the Wireless Telephone of 
the Future 

This automatic telephone is now widely 
employed in Canada, and a .somewhat 
similar system by another inventor is used 
in the United States. Our Post Office is now 
experimenting with the aub^malic system. 

Superhuman though the automatic teh*- 
phone seems in' its ingenuity, it does not 
represent the highest reach of 'inventive 
genius in tclcphon}'. WonderfuJ it is in 
conception, and amazing in use, and e.xtra- 
ordinary are the pow’ers with which it 
endows the human voice. But some of the 
best men of science have begun to dream of 
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a still more inarvclloiis instniinoiit lor the 
transmission of human s])ccrh. 

“ The (lay will come when copper wires, 
gutla])ercha covers, and iron bands will be 
found only in musi'ums. 'FIkmi a ])erson who 
wishes to speak to a friend, but do(*s not 
know where Ik* is, will call with aii electrical 
voice which will be heard only by him wlm 
has an electric ear tuned to its vibrations. 
Tlie man will cry : ‘ Whe/e arc- you ? ' 

Ouickly the answer will sound in his eai 
•''l am exploring the depths orf a coal-mine in 


China. Where* are you ? ’ 'I'lie in(pur»‘r may 
in turn answer : ‘ 1 have m\’ liolidav 

climbing up tlie summit of tlic Andes.’ Oj- 
])erhaps tlu* first impiirei will K'ceive no 
n'ply. and he will then know that hi'-> liitaid 
is (U‘ad.” 

These words are cited by Piolo'-or I^^rnst 
Riihmer, of Jh‘rlin. in* hi, lamoii'. w’ork on 
“ W'irelt's.s Te'lephoiiy.” I lie\’ lorm the 
last ])assage in that work, and tlicv are 
taken from a book b\ an I^ugdishwoman, 
Mrs. Ayrton, tlie author of “ I'he Mlectric 
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Arc " — a subject that few would suspect of 
having any bearing on the future of wireless 
telephony. 

Everybody is acquainted with the electric 
arc lamp. Usually two rods of carbon, 
made of cornprcssed soot or lampblack, 
are placed in a glass case, and connected by 
means of a wire with a supply of electricity. 
When the ends of the two carbon rods are 
l)rought together, and a current is made to 
pass across the junction, nothing remark- 
able happens. If, however, the carbon 
points are then separated, heat is at once 
developed to an extraordinary degree, and 
a vivi(l Hglit forms an arc between the ends 
of the two carbon rods. 

Thi-i is the arc lamp widely used in 
lighting streets and large buildings through- 
out tlie world. It is also employed in 
scientific laboratories, for it is the most 
terrific source of regular heat that man is 
able to devise. The lieat of boiling water is 
100 degrees centigrade. The heat created 
by a current of electricity at the end of a 
carbon rod is sometimes 4000 degrees 
centigrade. Heat so terrific as this must 
need enormous energy for its creation ; and 
considerable en(*rgy in the electrical current 
is indetid required to generate it. 

How the Electric Arc Lamp is Used to 
Transmit Human Speech 

The heat of an electric arc, however, is not 
the most wonderful feature about it. Far 
beyond the range of the heat and the 
dazzling light wliich the electric, arc pro- 
duces go the electric waves which are 
generated in the flame between the two 
carbon points. 

It is by means of these electrical waves 
of the arc lamp that speech has been sent 
ov(‘r a distance of three hundred and twenty- 
five miles ; and here we come to the fact on 
which Mrs. Ayrton and Professor Ruhmer 
base their pnqjhecies. Speech transmitted 
without wires l)y means of the waves of the 
electric arc lamp is better than the speech 
transmitted by the ordinary wire telephone. 
It is freer from the distortion caused by the 
lagging of the electric current on the wire ; it 
is clearer and more distinct. That is why, 
as Nikola Tesla saitl, “ we shall soon be able 
to speak across the ocean as easily as we 
now speak across the table.” 

It is very pleasant to find that it was an 
English electrical engineer, Mr. W. Duddell, 
who made the original discovery of the 
possibilities of the arc lamp. This he did in- 
igoo, by his invention of the singing arc. 
In a singing arc a steady, continuous current 
of electricity is made to act in a manner 
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somewhat similar to that in which a steady 
current of air acts in an organ-pipe. Con- 
nected with the organ pipe is a vibrating 
instrument through which the current of air 
passes. This makes the air oscillate, and the 
result is a pure musical note. What Mr. 
l)uddcll did was to place, in the path of the 
steady, continuous current flowing into the 
arc lamp, a thing called a condenser, which 
gave the current a kind of regular unsteadi- 
ness. The flame of the arc began to move 
backwards and forwards between the carbon 
points, and this alternate movement made 
it sing. The note depends on the number 
of oscillations, and can be “tuned” by 
varying the capacity of the condenser. 

The Difference Between Wireless Telegraphy 
and the Wireless Telephone 

But what was more important was the 
fact that the oscillations sent out from the 
arc of flame an incessant stream of electric 
waves, undulating through the ether for 
hundreds of miles. It is by means of these 
electric waves that sounds of the human 
voce are conveyed over long distances 
clearly and more distinctly tlian a sub- 
marine telejdione cable would transmif 
them. The whole energy of the continuous 
flow of Waves, however, i.s not used. 

Thi> is the chief difference between 
wireless telegraphy and wireless telephony. 
Marconi needs only an instrument which 
will dart a single electrical impulse across 
the wT)rld. By repeating at various intervals 
this single impulse, he is able to signal a 
message. But these single, intermittent 
impulses, created by sending a momentary 
spark from an electrical macliine, are utterly 
useless in telephone work. It is impossible 
to get a sufficiently rapid succession of 
sparks which will convey the swift, subtle 
modulalions of human speech. 

A Path for the Voice to Travel in on Its 
Way Across the German Ocean 

A musical note corresponding to the 
fundamental tone of a speaker’s voice has 
been transmitted by the spark method, 
but all the character of language was 
lost. When the length of the spark is 
shortened with a view to make it still more 
rapid, an electric arc is produced which is 
inactive and not oscillating. 

The singing, oscillating arc that Mr. 
Duddell invented sends across the ether a 
quick, unbroken series of ripples. . These 
ripples are closer together than the waves 
that our voice makes in the air. They form , 
so to speak, a path along which the inflexions 
of our voice can be sent. The way in which 
this is done is very wonderful. The speaker* 
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talks into the mouthpiece of a telephone in 
the ordinary way, and the words are trans- 
mitted in the form of electrical energy 
through a coil of wire. This wire, however, 
is made to influence the current which 
supplies the arc lamp. The result is that 
every sound that the speaker makes has an 
effect on the oscillations of the flaming arc. 
It sings in answer to the voice, for it is an 
exquisitely docile pupil. It can reproduce 
tunes played to it on the flute or the 
violin, or sung to it by the voice — hence its 
name of the singing arc. 

The Troubled Ripples in (he Air which can 
be Changed to Human Speech 

But more important than the singing of 
the flame is the change in the stream of 
waves that it is sending through the etlier. 
The waves become disturbecl ; and the 
disturbance represents, in a very exact 
way, the sound-waves made by the speaker 
in the mouthpiece of the tele])hone, and 
there transformed into electric energy. 
The disturbance is slight, only about one- 
twentieth part of the continuous stream of 
5rc: lamp waves being affected by the current 
coming from the telephone. Yet by means 
of a receiving apparatus it is possible, at a 
distance of three hundred and more miles, 
to use the slight disturl)ance in the ripple of 
electricity, and change this l)ack into the 
speech wliich originally ])rovoked it. 

An ordinary Bell telephone receiver can 
be cmploytHl in a modified way. The main 
stream of electric waves is 1 balanced by a 
local .set of similar vibrations creati’d in the 
recei\nng station, so that only the distiirh- 
ances are allowed to affect the membrane 
of the Bell telephone receiver. Tliey act on 
an electro-magntd, and this makes the 
memlirane vibrate ; the vihratiems produce 
sound-waves, and the listener hears what a 
man is saying far across tlie sea. 

The Wireless Telephone that can be Carried 
About 

There are several practical methods of 
talking over a few miles without using 
wires. Just recently Mr. A. W. Sharman 
has invented a wireless telephone of this 
sort, which weighs only about six pounds, 
and can be easily carried about. Imagine 
what a benefit this little instrument will be 
to men working in the sombre, perilous 
depths of a mine, where if an explosion now 
takes place the ordinary telephone wires arc 
certain to be ruptured ! An accident hap- 
pens, and the miners are buried in a living 
tomb. But in a minute they connect their 
“ Sharman with the earth, and they are 
at once able to speak to the people above 


in the sunshine. They can do.scribe their 
position, and give all the information 
necessary to guide the rescue party. 

Then, again, the little wireless tciephone of 
Mr. Sharman would be of general use to our 
Army and Navy. Scattered and fairly large 
bodies of moving troops can be kept under 
the instant control of their leader ; and 
warships of all classes can be placed within 
reach of the actual voice of the Admiral of 
the Fleet. Water is easier to talk through 
than earth, and the electrical impulses 
travel downwards as well as along the 
surface of the sea. Thus a battleship can 
keep in very close touch with a sul>marinc, 
and submarines can talk to each other. So, 
by the latest development of wireless tele- 
phony, there is now removed that awful 
isolation which made the submarine danger- 
ous to work and limited in ])ower. 

Another remarkable and promising a])pli- 
cation of the principle of iiuluction to 
wireless tele])hony is found in the Kailo- 
j)hone an invention of a Birmingham 
engineer, Mr. Ifans von Kramer. 

The Railway Telephone which May Make 
Collisioii Between Trains Impossible 

From a train in rapid motion trails a 
short electric wire, about eigliteen inches 
away from a wire fixed along the railway 
track. A cnrr(‘nt can l)e s(‘t up by talking 
into a telephone nionthpiec(‘ in the train ; 
this current jumps, so to sjieak, the eighteen 
inches from tlie trailer to lh(' fixed track 
wire, and carries speech with it. Or if a 
current is flowing over the fixi*d track wire, 
it affects the win* trailing from the train, 
and projects the message, as it were, into 
another Irain-telephom* or into the g(*m*ral 
telephone system. It is expected that the 
Railophone, when perfected, will revolution- 
ise tlie control of railway traffic and make 
collisions impossible. 

The first tele])lione message into the skies 
was sent without wires at ('ardiff in the 
autumn of .\n aerophone was used, 

the invention of Mr. H.. (irindell Matthews. 
A llyiiig-nian fitted over his head a telephone 
receiver ; and while rusliing at almost a mile* 
a minute tlirongh the air, he heard, aliovc* 
the roaring of the engine and the howling of 
the wind, a voice sjioken into the mouthpiece 
of an in.strnment far bclow' on tlieearlli. 

Wc hope in a future number of this work 
to be able to publish full details of the over- 
ocean system of wireless telephony which 
promises to link Britain and Europe to 
North America. If the final experiment 
is satisfactory, man will then be able to 
wiiispcr a message across half the w’orld. 
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TAPPING ASPRING DEEP DOWN I N THE EARTH 



This wondorfiil photos^mpli, taken l3y Mr. Coles Fhich, at a Kentish waterworks, shows a spring of 
water that has been tappeil down in the earth’s crust. It is 260 feet below the j^round, and from it a 
million and a half gallons of water arc obtained every day. 


720 



GROUP 9 - IN DUS TRY - T HE WO RKSHOP OF T HE WO RLD - CHAPTER 6 


A CITY’S WATER SUPPLY 

How the Water Comes Down from the Hills and Up 
from the Springs to Every Town in the British Isles 

WINR .OF THK HILLS AT TWOPENCE A TON 


S TANDI X(; on the flank of any extensive 
upland valley, broken at the sides by 
clefts or coombs, and containing a scattering 
of houses, one can see in a moment why cacli 
Iiouse was jolaced where it nestles cosily. If 
the valley be lofty and remote, yet inviting, 
the more important sites will have been 
occupied for many centuries, ]x)ssibly 
previous to the compilation of Domesday 
Hook. A glance shows that the early 
choice was made, and has been sustained. 
ji because perennial water passes near. 
Water, more than anything else, fixes the 
abode of man. 

That was so even when he thought chiefly 
about defence in making his home refuge. 
The camp or fort must have water — 
prefcralily a spring that could not be 
diverted. It is so to-day. When men pitch 
a military camp, though but temporarily, 
their first considerations are those of the 
primitive man dryness underfoot and 
water near by. Originally every house, or 
small group of houses, had its own water.’ 

Villages were built on brooks, or in the 
region of wells, and towns grew up on rivers, 
first to secure water, and then easy transit, 
and sometimes water-power. In lands where 
. the population is nomadic, or migratory, 
the variations in water, in the rainfall or 
the wells, govern the movements of the 
community. Indeed, man must follow water, 
or he must arrange that the water shall 
follow him. During the early stages of his 
civilisation, when the conditions of his life 
were simple, he went to the water : now, 
with enormous labour, far-projected fore- 
sight, vast capital cx])ense, and marvellous 
engineering skill, he gathers the rain from a 
hundred hills beyond the hori2on, and 
distributes it inside the houses of a million 
people, so that a little child may turn a 
tap and drink. This is the story of that 
gathering and dispersal of the waters. 


Looked at in detail, as it affects an 
individual man or a family, the question of 
amount in water-supply does not appear 
serious. A great engineer has pointeil out 
that if it were ])ossible to preserve from 
eva])orati()n as much of the annual rainfall 
of London as could be caught by au upturned 
umbrella of full si/c, the year’s accumulation 
would be enough to last^nc man for drink- 
ing purj)()s(*s for a year. It would give him 
nearly three pints a day. Again, on the 
slated roof of a cottage giving an expanse of 
500 square feet there wouhl fall in Lincoln- 
shire, at the low rate of 22 inches depth j)er 
year, enough rain to ])r()vide the family 
with 15 J gallons of water daily, an amount 
that probably is not exceeded in routine 
cottage life. 

Though it may seem easy to collect these 
and larger quantities of water under rural 
conditions, the problem becomes greatly 
intensi fil'd when water must be mailc 
instantly available to huge and dense ])opu- 
lations in cities for industrial and civic as 
well as domi'stic piirjioses. 

For instance, the people of tlie London 
water-area, about seven millions in number, 
use 225,000,000 gallons every day, although 
their rate of consumption is not half as 
great as that of some foreign cities where 
water is far less in evidence before the 
public eye ; but to supply 225,000,000 
gallons per day a stream is needed running 
day and night, at the rate of two miles an 
hour, 30 feet wide and 12 feet deej). That 
is the present measure of London’s need. 

In ancient times the problem of water- 
supply for the great cities was a larger 
question than the supply to modern cities, 
because engineering power was less. As one 
approaches Rome the first signs of its anti- 
quity and decay are observed in the gaunt 
ruins of mighty aqueducts which here 
and there bestride the drear Campagna. 


THIS GROUP DEALS WITH MANUFACTURE, ENGINEERING .TRANSIT, EXCAVATION 
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Nine aqueducts were in use in Rome 
in the year a.d. 97, and two others were 
added later. They brought water into the 
city from distances varying between eleven 
and sixty-two miles. The greater part of 
these conduits was underground, but they 
emcrgcil as they neared the city, and were 
carried on arches, as illustrated in the 
impressive ruins of the Aqua (daudia. 

Our Water System of To-day in Use Two 
Thousand Years Ago 

These aqueducts were chiefly constructed 
of bricks, stone, and concrete, though lead, 
bron;fe, and wooden pi])es were used for the 
final distribution of the water to the houses 
and baths. The engineering \vas such as 
to allow of the use of gravitation as the 
power throughout, though the princi])le of 
the siphon was understood, and had been 
ado])tiMl in earlier ages by the Pluenicians. 
Anunusunl pn^portion of the Roman water- 
su])pl\’ would be used for tlunr baths, the 
bath being a sort of central institution in 
the social life of the city^club. library. 
I'estaurant. and ])lace of amusement. 

The tia'atmeiit of the water was curiously 
similar toours of to-day; that is, the supply 
was sent forward to service reservoirs, and 
was only finally distributed after it had 
passed through settling and liltering tanks. 
The remains of Ronian-raisc'd watercourses 
can \n\ found in various parts of the Km])ire, 
the three- tier aqueduct at Niines. ibo feet 
high, known as the Pont du (kird, and the 
two-tier aqueduct of Segovia in Spain, being 
the most characteristic examples. The 
Roman treatment of the subject was 
typical of the great citi(*s of antiquity : 
and Athens and Jerusalem still use a 
remnant of siqqflies that were jirobably 
engineered .2000 years ago. 

The Unending Race Between the Population 
of Great Cities and Their Water-supply 

Of all the de])arlments into which juiblic 
work divides naturally, none j)erhaps re- 
quires so much forethought and protracted 
expenditure before a remujieratix’e return is 
made as the provision of a plentiful supply 
of good water for a great city. The in- 
creasing dcmaiul for water in a rapidly 
developing town is extraordinarily swift 
and inexorable, and there are ‘towns which 
have had to go to Parliament for fresh 
powers twenty times in fifty years. No 
urban community is keeping jiace with its 
public duties if it has not secured a water* 
supjfly that is suflicient to meet the growth 
of the next twenty years. That is recog- 
nised as an axiom by all who ha\'e studied 
the question of ^vater- supply. 


One reason for far-reaching preparation 
is the peculiar variability of rainfall and a 
consequent liability to destructive drought. 
On a gathering ground that is quite favour- 
ably situated the supply may sink in a dry 
year to only about 60 per cent, of the average 
supply of fifty years. Another reason is the 
impossibility of quickening the command 
of water to meet emergencies — the enter- 
prise of securing a constant volume of water 
is comparable to a slow siege, deliberately 
planned, carefully laid out, skilfully timed. 

The enormous cost of watenvorks makes 
it imperativt; that successiva^ additions 
should only be completed and be brought 
into use as they are needed, for a city can 
as little afford to have too much artificially 
gathered water as to have too little, since 
it pays for all it gathers, whether it uses it, 
leaves it, or wastes it. HtMice wat(M-suppl\’ 
is a (piestion demanding far-flung thought : 
and the operations it entails illustrate llie 
true use of ca])ital perhaj)s more pt'rfectly 
than any other municipal or national entc'r 
prise. Millions of moiU‘y ha\e often bi'ei^ 
sunk, ill foresight and faith, befori' a 
farthing has been receiv(*(l in return. 

TKc Taint of the Shallow Well and the Earth- 
iiltered Purtty of the Deep Well 

The three usual methods of ]>rocuring 
water are by the use of springs or the sink- 
ing of wells : by an intake from rivers : or 
by conveying from afar the wati'rs of lakes, 
or damming U]) valleys aiul so forming 
artificial lakes or reservoirs in hill\’ or 
mountainous districts. Some towns have 
used all these mellH)ds at once, but as they 
reach a pojiulatioii of half a million or 
mon^ tlie\' le('l oftcMi that only the latter 
course can provide a permaiUMit solution of 
tlieir diflicnities. 

Spring or well water is the ordinary 
village supply, and is used in a supplemen- 
tary way in many towns. Almost every 
large town has a history of its wells, which 
have been gradually superseded by a 
regular p'iped siipjily of assured purity. 
Thus as late as 1848 (dasgow was being 
partly served by seventeen wells, and the 
sites of twelve ancient wells arc known in 
the in)w crowded parts of Sheffield. 

Sooner or later i-urfacc wells arc certain 
to become impure. A recent epidemic in 
Lincoln had one of its principal sources of 
origin in a well of great local repute for the 
supposed efficacy of its waters. : Deeper 
wells are often sunk into the chalk, keiiper 
or bunter strata, and tap an abundance of 
excellent water. An example is furnished 
by Nottingham, which has such a plentiful 





THH SOURCEOF I, IVERPOOL'SWATKR SUPPLY 



'SnoinJiclu^JiMh^jaKeslio^th^^WJwy Valley in Walos as it used to be. 'riicii a Kreat dam 
nearly a quarter of a inile long, containing over seven million cubic feel of masonry and 
670 oTO tons was built across the valley as seen m the second picture. Ihis held iq) the Kivu- 
Vvrnwv converting it into a great lake, the largest reservoir in Ivurope, containing 
million ’gallons of^ water, running through pipes to Liverpool, nearly seventy miles away. 
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and pure pumped water that it is doubtful 
whether a mistake was not made when it 
sought a supplementary and much dearer 
supply from the head-waters of the River 
Derwent. 

Water pumped from deep wells has to be 
stored in covered reservoirs, as under the 
light it scums over with .a green vegetation, 
whereas the surface waters gathered from 
moorlands by gravitation into lakes and 
reservoirs remain free from such growths. 

Welis that Leap to the Surface and i^re Never 
Exhausted 

The supreme instance pf service from 
wells is London, which receiv^es near! 3' fortv'- 
three million gallons per da3'. or almost 
one-lifth of its whole suppl\\ from the 
wtils of some of the companies that were 
bought out by the Metropolitan Water 
]^t)ard. Ihider London itself indeed are 
notable wells, some of an artesian character, 
sunk into the chalk below the I.ondon clay. 

Artesian wi*lls. so called from Artois, the 
old province in Noiihern France known as 
Arlesiuni, where such wtils hav^e long b('en 
used, ar(‘ the upspring of water confined 
below an im]X*rmeal)le stratum, which, bting 
bored through, giv(‘S the water its release, 
and it rises to lind its natural level. '1 he 
town of Spalding, in f.iiK'olnsliire, is supplied 
with five million gallons of water dailv’ from 
01U* s|)ring of this cliaracter at Bourne: while 
other s})iings in tin* same town, rising in 
what was the courtv'ard of the Castle of 
Hereward, How avvav’ as a small river. 

The likelihood of rivers becoming con- 
taminated below their upper reaches is 
obvious, but tljere is an ecpial certaintv’ that 
their waters can be |)urifietl for drinking. 
More than 80 p(*r cent, of tlie water con- 
sumed in London, whicli is bv far the most 
healthy great citv’ of the world, is taken 
trom the rivers Thames and Lea. as Paris 
is sup] died frtiin the Seine, Leeds from the 
Wharfe (in jiart). Aberdi'en from the Dee, 
Cheltenham from the Severn (in part), 
Durham from the M'ear, Norwich from the 
Wensum. Midtllcsbrouf^h from the Tees, 
and York from the Ouse. 

The Need of a National Water Board to 
Divide the Nation's Water-wealth 

Waters for human consiimption may be 
divided intf; those which are impure 
originally, but are cleansed and made 
innociKuis, and those which hav’e never 
been imjnire. Most of the river waters 
belong in some degree to the former cTass. 
First by storage ami settlement such waters 
lose their bacteria largel^^ and then are' 
made safe for use by tilt rat ion. Still, the 
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ideal watcr-suppl3' is that which has neve 
been impure, and it usuallv has the furl lie 
advantage tliat, descending from hill^ 
regions, it can be stored at a great height ii 
service reservoirs — at such a height, indeed 
that, without pumping, the water will fiov 
of itself to the loftiest storey.; of the highes 
buildings in a city’ of varying altitudes. 

Undoubtedly a time will c()me when th< 
great cities of our country' will need tin 
use of all the untainted loftv^ gatherint 
grounds of water, and will he ready to com 
pete for them with a vigorous exj)e:HliiUri 
of borrowed money’. Then an* horit y ..wil 
hav’e to be called on to make a division. Al 
present there is a sort of promiscuou!: 
seizure, regulated only by the nuinicipa 
])urse and some v’crv' inadc(piate laws 
What will be needed is a Xati{)nal Walei 
Hoard aj>portioning the national water 
siipj)lics. Some a])])roach towards thii« 
state of things has already been made undei 
the j)ressure of circumstances. 

The Custom of Dividing up the Hill-waters 

Among the People Towards whom They Flow 

As early’ as i8b() Cilasgow had begun 4 c, 
ivceive the waters of Loch Katrine, and ir 
i 8()4 Manchester annexed the ('umbriaii 
Lake Thirhnere. Liy erjXH)! went to I he 
l^iver V'y’rnwv’, in Mid Wales, and made a 
lake that came into formal use in : and 
Ihrmingham, by' if;o4, had schemed su|)pliei' 
from the Elan Valley, in Walc's, by dainni Ji.e 
two stteani-cut mountain valleys l)(‘yoii(l 
tluyW’vc. Bradford has gone for its su])])lies 
across two intervening river l)asins to tin 
y'alley’ of the Uj)per Nidd ; and even 
Sheflic'ld, half-cmcircled b}’ lofty’ inoorJands 
and with six or sevcm streams meeting 
ahnosi yvitliin the eit\’ houndaritis, has been 
obliged to join with Nottingham, J.eicester, 
and Derby’ to meet future needs In’ securing 
a share of the hcad-yvatca’s of the Derbysliirc 
Dcryvent. The joint Water Board estab- 
lisluxl to store and e(]uitabl3' distribute the 
yvaters of the Derwent is one of the firsl 
attempts, on the scale of a great yvatershed, 
to organise a complete storage yvith diic' 
regard tc^ the claims of all yvlio liy’e betyveen 
the mountain sources and the sea. 

This j)lan of co-o])eration and friendly 
division is bound to be carried out witli 
frecpiency’ in the future, and the sooner some 
national prcscA’ation and apportionment 
of the yvater-yvealth of the hills is made the 
better. It can onh’ be done b\’ yvide arcjas 
yvhich contain considerable urban ])Opiila- 
tions, and villages afllicted yvith drought 
taking joint action and dividing i)ro rata 
the cost of storage and main pipe-line 
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Most of the Loiulon reservoirs are in the open air, but at Honor Oak there is a great covered reservoir, 
Lhe largest of its kind in the world. It covers ten aores, and the roof stands on arches, as shown in 
:hese photographs, which were taken while the reservoir was being made. Altogether nineteen 
million bricks were used in building this immense storehouse of water for London. 
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‘THE. SUBMERGED CATHEDRAL OF HONOR OAK‘ 



THE IMMENSE COLUMNS UPHOLDING THE ROOF OF THE IIONOU OAK RESERVOIR 
Those fine views of the great Honor Oak reserv’oir may never be seen again ; they were taken before 
r^u" was let°n T^e picture, show how closely this vast wnter-hot.se resem the clo.^e^^^ 
cathedral. London uses a million tons of water a day, enough to make ' "V ^ 

from London to Birmingham; and a year s supply would m.k<- a deep lake four milts stiiiarc. 
big enough to float all the battleships in the world. 
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distribution, while each area of water-users 
pays for its own local distribution. Those 
who wait longest will fare worst. 

At jnesent there is no scheme of national 
conservation, but legislative customs are 
being established for the dividing up of the 
hill-waters among the i)eople to whom they 
would naturjilly How. The legislative and 
legal views of water-gathering have lieen 
almost entirely confined hitherto to lixing 
what proportion of the water stored must 
be reserved for each town or district that 
makes a claim, and to determining how 
much comjiensation water must l)e sent 
down the bed of the stream daily, after the 
ordinary How of water has lieen ini])ounded. 

The Basin of Water that Gains More as 
More is Taken 

The amount let by for the use of those who 
dwell on the banks of the stream, mill- 
owners, manufacturers, and so <311, varies 
according to t he industries of the district . oiu‘- 
third of the total H(3W' being the maximum 
compensation allowance. In any case the 
legulation of thi' water sent (Ionnu tlu; stream, 
its restriction, if need bi;, to hours when it 
can be pn 3 perly utilised, and the attention 
given to the releasing of the How of water 
from the saturated ujiper grounds into tlui 
b('tls of the; streams that feed tlu‘ reservoirs, 
tend to improve and ecpialist* the ordinary 
su[)j)l>’, so that, beyond the sttuage of pure 
water for distant towns, there is an ad- 
vantage to the peo})le who dwell by the 
banks of the stream. The How is improved 
for ])ractical pur])Oses, not injured, by the 
works which retain water. A judicious 
storage gives a more even sup])ly, and less 
waste. I'his ought to be so. for from twenty 
to twenty-five per cent, of the outlay on 
wateiworks is spent in providing com- 
pensation water. 

How the Water-wealth of a Mountaia Valley 
is Calculated 

When a stretch of lofty and lonely moor- 
land is coveted as a gathering ground for 
the water-supjilies of a city the first question 
to 1)0 settled is how much water does it 
discharge normally into the streams that 
will fill the projected reservoirs. The 
calciilatit)!! is far from simple. A single 
rain-gauge gives a record that cannot be 
relied on. for local position has a marked 
effect on the registration of a ' rainfall. 
An average should be taken of a number 
of gauges. Then the rain that falls is 
not an index, necessarily, to the amount 
t)f water that finds its way into the streams 
which feed the dams. The character of the 
soil must be considered. From some soils 
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water Hows off quickly and is lost in floods. 
Other soils become saturated like a sponge, 
and slowly give up their watery stores. 
Evaporation is swifter and more constant 
in one place than another. After long 
drought the earth is only slowly charged 
with moisture by percolation, though its 
thirst may be keen. The water-producing 
power of any locality varies enormously 
from time to time. Thus, a huge spongy 
mountain will discharge into the stream at 
its foot, at one ])art of the year, in a given 
period, 1500 times as much water as it will 
discharge during an equal period at another 
season. P’rom this immensely variable out- 
put an average has to be obtained before 
the water-wealth awaiting the reservoir- 
maker can be calculat(*d. 

The enterprise of ])ro\ iding a gravitation 
water-su]^j)ly to a city divides itself into 
Ijinn* stagt's -the storage, the conveyance, 
and the distril3iiliou (3f the water. Usually 
the storage is artificial, but in a few casi;s 
it is natural with artificial additions, as in 
the usi‘ of Loch Katrine by (ilasgow, and 
Lake Thirl mere by Manchester. • 

How Millions of Tons of Wnter are Held Up 
Safely in Ihe Hills 

In each of these instances a good deal of 
engineering was needed before the amount of 
stt)rage would satisfy the immi‘diate needs of 
the city concerned. (Glasgow took over, in 
1855, at a cost of three-quarters of a million, 
the companies that weie supplying the cit\'. 
and also l 3 egan to prepare for tapping 
Loch Katrine to the amount of 50. 000, 000 
gallons per day. The Ad which allowed 
this provided that the waters of the* loch 
should be raised four feet in depth, and that 
in summ(*r it might be drawn on till it was 
three feet bel( 3 W the jirevious summer level. 
But thirty years later (dasgow '>vas obliged 
to obtain permission in another Act to 
raise the level of the lake live feet more, and 
also to raise the neighbouring Loch Arklet 
twenty-five feet, anil dam back its waters 
from {heir outlet into Loch Lomond, so as 
to turn them into Loch Katrine. In this 
way another 60,000,000 gallons a day were 
secured, while the necessary compensation 
waters were brought from Lochs Vennachar 
and Drunkie. 

Perhaps the chief interest in water- 
storage enterprise is excited when huge 
masses of masonry have to be sunk deep into 
the earth and raised high above it to block 
valleys and bank in their waters, thus 
forming artificial lakes or a succession of 
reservoirs. Dams of this kind are either 
made with earthen embankments having a 



CARRYING A RIVER ACROSS A RIVER 
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UKtIKiE OF PIPES 'I'lIROIIGlI WHICH BIRMINGHAM S WATER-SUPPI.Y PASSES 




A CLOSE VIEW OF THE GREAT PIPES WHICH CARRY WATER FOR LONHON 

The upper piclure shows how wal« io wiUi earth.^ 'the earth protects 
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central core of puddled clay, or they are 
made of masonrv. Sometimes in America 
earthwork is hacked hy limber, and there 
are instances of steel bt'ing used. Whctlier 
the embankment be of earth or of masonry, 
a deep trench down to a firm bottom is cut. 
and is |)uddled with clay so as to secure that 
there will be no jx'rcolation through the 
underlying strata. The bank is then usually 
built up with concrete in which blocks of 
stone are thickly embedded, and the wall 
abov’e water is faced with stone. 

'fhe strength of the dam is made com- 
numsurate with the anticipated pressure of 
the water. Tims, the darn of the Vyrnwy 
Lake, in Wales, sup])lying Liver])ool, holds 
12,000 million gallons iH^liind a wall 144 feet 
from h)undation to ovei ilow, across a width 
of 1172 feet. The dam in the Croton River, 
one of the reservoirs for New York, has a 
water pressure! of 2bo feet in de])th. The 
Vyrnwy wall is 127 feet thick at its base, 
and its masonry has a weight of 510, 000 
tons. The area of the lake is 1121 acres. 
The dams, three in niimb(‘i, in the Klan 
Valli!y, Radnorshire, which siij^jdy Itir- 
mingiiam, will have almost an equal storage 
capacity, and in course of time will !)(* 
su])]deincnted by two more reservoirs in 
the C'laerwen V'alley. with a third at tlu! 
junction of that valley with the Klan. 
Bradford finds a storage of over 2500 million 
gallons in the valle\' of the Uj)per Nidd ; 
and Sheffield, with moorland at its doors, 
has comj:)letcd or projected storage for 
7.)57 million gallons, apart from the Der- 
went supply shared with Nottingham, 
Derby, and J.eicester. 

The Way ta Freedom for the Rushing Storm- 
waters 

A feature of all dams is the provision 
for overflow, as from time to time enormous 
amounts of surplus water must jiass the 
containing wall. This is usually arranged 
for by a waste weir or by- wash at the end 
of the wall, the water falling over a series of 
steps to break its forct^, before it escapes 
by the lower course of the stream. 

As the flow goes over the sill at the 
lowest point in the embankment, it is 
mechanically measured. In the case of 
Lake Vyrnwy. a large part ••of the length 
of the containing wall may be used as a 
by-wash. The ordinary overflow there 
f.ccupics a width of 456 feet, hut at a higher 
level a further overflow' of 288 feet^V)e<.'omes 
available. In the case of the Birmjrghani 
works in the Elan V^alJey. the dischacgctl 
compensation water is used to generate 
pow'er by the action of turbines. A rule 


for the safe release of storm-waters is that 
the .sill by which they escape must be fifty 
feet long for every thousand acres drained. 

Failures to observe the scientific principles 
of stability, or to allow a sufficient overflow, 
have led to terrible devastating bursts in 
many count ries, especially, though not exclu- 
sively, in the case of earthen embankments. 

The Awful Night wheu the Waters Washed 
Away the Great Dam at Sheffield 

The most thrilling catastrophe ot 
the kind in this country occurred on 
March ii.. 1864, when the Dale Dyke 
reservoir, in the Loxley \"allcy, one (Tf a 
series of dams supplying Sheffield, burst 
with appalling consequences. The dam, 
about six and a half miles from Sheffield, 
w'as 450 feet above the entrance to the 
town. It contained about three million 
tons of water. A landslip dislocated the 
embankment, and in a few' minutes about 
700 million gallons of water were rushing 
through the narrow' valley at midnight on 
the sleeping town, at the rate of a mile a 
minute, and sweejing everything before 
them till the opening out of tlie valley 
allowed the w'aters to spread. The number 
of lives lost was 244, and so much ])ro])erty 
was destroyed that tlie water company 
paid as compensation 073, 000. The w'arn- 
ing of that awful night has never been 
disH'gardod in Kngland by engineers ol 
water-works. 

The customary metliod of drawing off 
water for consumption is by means of a 
valve tower. The tower is a dry well built 
into the reservoir, and carrying in an outer 
circle j)ipes controlled b^ valves through 
which the water can be drawn off at 
various Icn'cIs. and turned into the supply 
aqueduct. The object is to use the purest 
and clearest water according to the amount 
w'hicli the reservoir contains, and that wall 
be neither the up])cr nor the low'er layers. 

The Hungry Water that Slakes its Craving 
With Chalk and then Refuses Lead 

The height of the storage reservoir is a 
matter of importance. If it is great, the 
fall to the distant town may be broken by 
intermediate distribution reservoirs to take 
oft the “ head ” or pressure on the pipes, 
and to arrange for distribution to diLerent 
heights any place that is being served. 
Thus the waters are let dowm froru reservoir 
to reservoir, a fresh start being made from 
. each stage, and jjrcssure diminished. 

7 he Loch Arklet supply of Glasgow comes 
. Irom a height of 480 feet ; Thirlmere sends 
down w'aler to Manchester from 533 feet, 
but the older supply to the city, from the 
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WATER FOR THE WORLD'S 'GREATEST. CITY 



THE OUTFLOW PIPES BEING FITTED TO THE POWER-HOUSE AT vSTAINES 



j^ondon draws more than half its water iroiii the Thames The water is run into larj^e reservoirs, 
w’here it stands long enough to allow impurities to settle. Then it is pumped by engines like t hose slu)wn 
in the bottom picture, through pipes similar to those above, intt) other reservoirs, where it is tiltered. 

7-U 




harmsworth popular science 


Woodhead reservoir in Longdendale, came 
from a height of 777 ^ect ; Vyrnwy starts 
the Jdverpool water from 025 leet. 
Birmingham’s Foci valve tower is 782 feet 
above sea-level, but the top water-level of 
the Craig-yr-Allt-Goch reservoir in the Elan 
Valley is 1040 feet, and the Pant-y-Beddau 
reservoir in the Claerwen Valley will be 
feet. The Upper Redmires dam, \\hich 


at varying heights without expenditure in 
pumping it up to secure a head. 

^ The water-supply of a great city having 
been stored for consumption, Some means 
must be adopted, usually before it starts 
on its long journey to its destination, U 
clarify and, if need be, purify it. Whik 
moorland waters are usually soft and pure 
they are liable to discoloration, and some- 
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gives ShcflieUl its higli-levd supply-, is about..- 
the same height (1170 feet) ; and the 
highest of the storage reservoirs of the great 
English towns is the Angram reservoir 01 
the Bradford Corporation on tac Lpper 
Nidd, at 1187 feet. Not only, then, do. 
these cities receive a pure water, but their 
gravitation-supiily can be usca ef.ccavely 


LONDON UlCSliKVOIR 

one i\ hArifl . an I..1 maile up from another. Kadi reservuir ha*, an 
.«l ihi*. picture show* how powciful thebe vaLve.*. are. 

times have a,;‘ thirst" for mineral ingre- 
dients which causes them to absorb lead 
from new pipes and so become deletcnoy.s 
The most notable illustration ^ of this 
danger occurred before i880 in Sheffield, 

. when lead-poisoning was traced to the 
highest and purest water-supply from the 
Redmires dams. Quite similar water from, 
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the Loxlcy Valley was found to be innocuous. 
The Loxley whaler, however, came through 
a bricked and mortared tunnel two miles 
long, and had an opportunity of taking up 
the chemical ingredients it lacked. The 
Redmires water was then treated w^ith 
finely powdered chalk as it passed out of the 
dam, the amount of chalk varying with the 
state of the water, at a cost of a penny per 
25,000 gallons, and no case of lead- poisoning 
has since been traced to this source. 

Brown, Pure Waters that are Filtered to 
Look Clear 

Similar treatment is found necessary 
and effectual with the Birmingham water 
drawn from the peaty heights around 
the Elan River. The soft waters that may 
attack new lead — old lead pipes become 
coated with a salt w’hich resists water — are 
particularly suitable for use in manufac- 
turing cities, as their corrosive action on 
boilers is exceedingly small. Railway 
companies \vater their engines as far txs 
possible from such supplies. 

Filtration is now regarded as necessary 
in the case of all surface water-supplies. In 
some cases — as with the river water~it is 
essential to the securing of purity. With 
tlu‘ purest mountain streams liltration is 
advisable in order to combat discoloration, 
and also because unfiltered water may 
cause growths on the interior of the iron 
pipes whicli carry it on its journey town- 
ward, and these growths greatly impede 
:ind diminish the Jlow. The stages of 
liltration are varied by the condition of the 
water. Often it is passed through a fine 
('op])er gauze strainer of about forty threads 
to the inch. Then it is allowed to stand, in 
sedimentation tanks, until its rougher 
suspended matter has subsided. After this 
it is drawn, or ])uin])ed, off, and passed 
through the filter-beds. Such a bed 
consists of a lower layer of rough stone 
or brick ends, with rough shingle over 
it, and gravel over that, topped by 
several feet of sand. 

The Long Journey from the Reservoirs in Che 
Hills to the Wnter-Tnp 

Bacterial filtration through sand only 
becomes effective when a film of mud and 
microbes has been formed on the sand. After 
a time, however, the sand becomes clogged 
and im]iervioiis, and then a layer of it is 
removed and washed ready for further use. 
By a repetition of sand filtration con- 
taminated waters may be made quite pure. 
In the case of mountain supplies, the 
filtration process is required rather for the 
sake of appearance than of purity. 
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The conveyance of the purified water 
from its source to its destination is often 
more expensive than the impounding of the 
supply. In the case of the Manchester 
supply from Thirlmere, the cost of the 
piping was ninety per cent, of the whole, 
the distance traversed being 96 miles. New 
York, which prides itself on using daily 
one-fifteenth of the amount of water which 
on the average goes over Niagara daily, is 
bringing a new service from the Catskill 
Mountains, a distance of 92 miles, at a cost 
of ;f3o, 000,000. The Vyrnwy Lake is 
68 miles from Liverpool ; Lake Katrine 
35 miles from Glasgow ; ‘ the Elan Valley 
outlet 74 miles from Birmingham ; the 
Derwent dam 60 miles from Leicester ; 
and the Nidd works 32 miles from tlu' 
Chellow Heights service reservoir in Brad- 
ford. How are the waters conveyed these 
vast distances ? 

The aim of the engineers is to make from 
source to finish — from the water-tower outlet 
in the gathering reservoir to the distribution 
reservoir in the city concerned — an under- 
ground river with a gentle gradient, along ^ 
cement-lined passage, as near the surface as 
the contour of the country will allow. 

Gentle Gliding Through Tunnelled Hills nnd 
Switchback Piping Under Valleys 

For this purpose a careful survey is 
made. But often the rise and fall of the 
surface will not allow a graded river inside 
the earth to keep just sufficiently below the 
soil to avoid frost and downward pressure. 
When there is a rise of intervening hills 
above the height of the water-line a tunnel 
must be made. Thus Thirlmere Lake lies 
250 feet below the summit of the Duninail 
Raise pass across which the water for 
Manchester must travel, and so eight miles 
out of the first thirteen along the Man- 
chester water-line are tunnelled. 

Again, where valleys are crossed at a lower 
level than the water-line, the water must be 
carried in pipes so as to siphon it clown and 
up again to its former level by natural 
pressure, and tunnelling may be necessary, 
as, for example, where the Vyrnwy to Liver- 
pool supply passes under the River Mersey 
between Runcorn and Warrington. Where 
pressure from a head of water is not 
required, and the ground will permit, 
the water is carried in an aqueduct or 
conduit lined often with blue brick, and 
sometimes concreted to resist subsidence 
or weight from above. 

The simplest method of transit is by “ cut 
and cover” and conduit. A trench is cut 
and a culvert built in it of the necessary 
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THE NATURAL WATER-BED THAT LIES BENEATH THE GREATEST CITY IN THE WORLD 



natural holes, or fissures, in the chalk beds, such as are shown in the three lower pictures. Here the water collects, and it is this water that is tapped D]rweiis. 

Tiu phiOt^raphs 9H fJtese pagts are reproduced by courtesy of the Mdripolitan Jl'ater Board, the Artesian Comply, Messrs, y. Mansergh and Sons, T. P^gottand Co.. Coles Finch, and y. AfatJardy. 
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size,ihe top being, because of frost, not less 
than thirty inches below the surface when 
the conduit has been finished and the earth 
again filled in. 

Chambers reaching the surface for ingress 
to the conduits are built at intervals. 
Where cast-iron pipes must be used, they 
are generally of about 42 inches in dia- 
meter. The Manchester-Thirlmere pipes 
are if inches thick, and are tested to resist 
a pressure of 180 pounds to the square inch. 
They are dipped in pitch and oil to resist 
corrosion. Cut-off valves are arranged to 
stop the flow in case of bursts, and valves 
are placed in the lower portions of piped 
depressions to empty the pipes on occasion 
and remove sediment. Where there is a bend 
in a pipe-line the pressure is great, and the 
pipe is “ anchored ” to keep it firm in its 
place. The pipes are socketed into each 
other, and the joints packed with yarn and 
lead. They carry the water from one 
** balancing ” reservoir or tank to another 
at a corresponding elevation. Easements of 
land are bought, and arrangements made 
foi* laying several lines of pipes — three in 
the case of Liverpool, and hve in the case of 
Birmingham — but the heavy capital expense 
of laying a line of pipes is always delayed 
until the demand is such that the additional 
supply of water can be quickly utilised. 

The Water Used Every Day by the People 
of London, and the Cost of It 

The water conveyed by conduit or pipe, 
part of the way by one method and part of 
the way by the other, from reservoir to 
reservoir, so as to preserve the properly 
graded fall when it reaches the service 
reservoirs near its final destination at such 
.a height as will allow it to be distributed 
to the topmost floors of the highest build- 
ings, is ready to enter at once the mains of 
the city. Thus Prescot reservoir receives for 
distribution the Liverpool supply ; Mug- 
dock and Craigmaddie the Glasgow supply ; 
the PresfVich reservoir the Manchester 
service from Tliirlmcre ; Frankley reservoir 
the Birmingham Welsh water ; and Chellow 
Heights the influx for Bradford from the 
Nidd. 

The Metropolitan Water Board, which 
since the Act of 1902 has taken over the 
works of eight metropolitan water com- 
panies and the urban districts of Totten- 
ham and Enfield, supplies seven million 
people with water, over an area of about 
550 square miles. The sum paid for these 
undertakings was nearly forty-nine million 
pounds. The Board has an income of over 
2| millions per annum, but is falling into 


debt. It has, or is arranging, a storage of 
twclv’c thousand millions of gallons, with a 
daily supply of 280 million gallons, which 
will give thirty-five gallons per person 
day to a population of eight millions. 

The supply of water to urban populations 
is either intermittent or constant — that is. 
the water is either only available during 
certain hours or is always “on.” night and 
day. The constant supply is the only 
efficient and healthy service, an inter- 
mittent supply raising questions of clean- 
liness as well as of convenience. 

The Water that a City Needs and the Water 
that It Usually Wastes 

There is no doubt that a great deal of 
expensively gathered and distributed water 
runs to waste. In some American and Con- 
tinental cities from seventy to ninety gallons 
per head per day arc expended, chiefly 
probably in waste. A wcll-cnganised system 
should not show an expenditure of over 25 
gallons per head per day, even where there 
is an abundant use for juiblic baths, civic 
purposes, such as street cleansing, and for 
manufacturing processes. Probably any 
expenditure above 20 gallons j)er day per 
head is waste. Wi.se prevision by public 
authorities will enable the demaiuls of the 
public to be met with ama;?ing cheapness. 
Though Sheffield, for example, has spent 
over millions sterling on waterworks, it 
is supplying its inhabitants with an abundant 
supply at less than twopence per Ion, 

It may be taken as an average that the 
capital cost of a great city’s water-su]>ply is 
from £y to per head of the ]K)pulation. 
For this amount the waters from the rain- 
swe])t hills, above the abodes of man, are 
banked up in reservoirs by walls of concrete 
which sink as deep into the earth as they 
rise above it, are decanted from their purest 
layers into cleansing beds of sand, while the 
surplus stores wash over the embankment 
and supply the mills down-stream. 

The Arm that Holds the Drinkini^-eup a 
Hundred Miles Away 

Now down dale, now up hill, seeking its 
level, the water is brought on its way, 
flowing, or by siphon pressure, to a reservoir 
above the town it serves, and thence is 
distributed through a meshwork of mains 
and piping to every house, and in some 
houses to every room for instant use. The 
long arm of municipal cnteri)rise enables 
the town-cooped citizen to hold out his 
drinking-cup a hundred miles away for the 
pure distillations of the hills, and at such 
a cost that the price of the draught can only 
be expressed in fractions of the smallest coin. 
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THE INCREDIBLE NATIONAL WEALTH .AWAITING DEVELOPMENT IN CHINA 



China, now awaking to her opponunities A's the most numerous nation 6n the earth, has enormous deposits of coal and iron, and it is quite probable that she 
may be the richest country in both these commodities. Seventy miles below Hankow, the city set on fire in the rec^t revolution, there exists one of the 
richest iron-mines in the world, where the ore exposed on the surface is estimated at fiveihundred million tons. The exploitation of this vast natiirar wealth, 
as by the enormous Hunyang Iron and Steel Works at Hankow, shown in this photograph, may lead to a great industrial transformation in the l ar hast. 
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THE INDUSTRIAL FUTURE 

A Survey of the Lesser Nations and the Resources 
of Coal Power which will Determine Their Position 

HOW COAL MAY TRANSFORM THE WORLD 


O UR survey of the great world of work 
has shown us three great industrial 
and commercial Powers standing out with 
an almost incredible domination resulting 
from the application and development of 
native power supplies by gifted white races. 
We have also seen that the world’s resources 
are not as yet by any means fully developed, 
and that there is the possibility of great 
changes, both in regard to relative }>roduc- 
tion in known power areas, and the com- 
ihercial utilisation of powers and resources 
yet dormant. The worh^ as it is demands 
our first attention, however ; and we pass 
from the world’s industrial leaders to the 
rnany nations, great and small, which, 
either because they do not possess in 
amplitude the means of carrying on large- 
scale machine industry, or because their 
peoples arc either not gifted in the arts 
or are not developed in tliem, are less in- 
dustrialised than Britain, America, and 
Germany, and relatively more engaged in 
agricultural pursuits. 

It w'ould, of C(Hirse, be a profound error 
to value lightly the work done by a nation 
which is unable, for reasons that it cannot 
control, to build up industrial centres filled 
with the smoking factory chimneys which, a 
generation ago, a great French statesman 
coveted for the unpolluted skies of France. 
The development of coal-power by a nation 
fortunate enough to possess it spells what has 
been termed the ** Industrial Kevolution,” 
and industrial revolutions arc fraught with 
terrible dangers to a people. Machine industry 
concentrates the population in towns which, 
without the application of almost super- 
human foresight, may easily become areas 
of social and physical degradation ‘‘where 
wealth accumulates and men decay.” 

The United Kingdom, the first nation 
to develop machine industry, has suf- 
fered sorely in this respect, as all pioneers 


must suffer. Both Germany and America, 
although developing later, and with the 
experience of the United Kingdom to guide 
and warn them, have by no means wholly 
escaped the consetpicnces wliich arise from 
the rai)id and little regulated growth of 
industrial centres. We can only note these 
things in ])assing here, for tliey will receive 
full treatment in another section of this work, 
but the close connection of economic and 
social science at this point should be fully 
appreciated. Commerce is a miglity branch 
of the activities of man, and to l)e scien- 
tifically regarded as part of what Pope 
termed the propcT study of mankind — 
Man. Regarding trade as an instrument 
for the building of men, and not merely for 
the distribution of wealth as defined as 
commodities having value in exchange, 
wc realise tlie clo.se connection of industry 
and commerce with h\giene and sociology. 

On ]iage 74 5 is a clear statemi'iit showing 
the present relative position of the world’s 
power producers, great and small. It will 
be seem that the contrast which obtains 
between the major and the minor coal 
jiroducers is a very striking one. It must 
be insisted, however, that this test by 
])rescnt production is conclusive as to the 
future in the case of European nations 
alone. We sec Anslria-Hnngary, France, 
Russia, and little Belgium lumding the list 
of the minor coal nations. They do so, how- 
ever, mainly because they arc white nations, 
possessing a liigh degree of civilisation, wliich 
have developed such power resources as 
they jiossess. It docs not follow, ix'cau'se 
these nations occupy such a higli position as 
compared with those tliat follow them in 
the list, or as compared with the daughter 
nations of the United Kingdom, that the 
figures of present prgdiiction by any means 
represent in their proper proportions the 
potential powers of the various contributors 


“the money system- political economy- distribution and exchange 
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to the grand total of nearly iioo million 
tons of coal produced yearly by all the 
world. Wc shall see, as we proceed, that 
nothing in this world is more certain than 
that Asia will be as great as, and perhaps 
much greater than, Europe as a natural 
jiower area in the time to come. It is a 
certainty which raises many considerations, 
political as well as industrial and com- 
mercial, of the highest importance to 
Europe and to the world at large. 

The Coal Power Resources of Austria and 
Hungary 

Turning our attention first to the nations 
of Europe, we examined in the last chapter 
the power resources of the United Kingdom 
and the German Empire, and saw that 
Germany's coal is probably greater in 
pxtent, although inferior in situation, to 
that which we possess. We proceed to 
consider the great nation which heads the 
list of minor coal producers — Austria- 
Hungary, whose enormous territories have 
been recently enlarged by the annexation 
of Hosnia and Herzegovina. 

Although Austria-Hungary leads France, 
Russia, and Belgium among European 
coal producers, her production is not so great 
as Belgium’s in .the power value of coal, 
because it consists as to more than two- 
thirds of brown coal, or lignite, which is 
greatly inferior to coal in heating value. 
Nevertheless, the Austrian and Hungarian 
power resources are very extensive, and 
liavc been much increased by the annexa- 
tion of Bosnia. According to the evidence 
given to the Royal Commission on Coal 
Supplies by Mr. Bennett Brough, the 
Austrian deposits extend from Pilsen, on 
the Bavarian frontier, to Galicia, on the 
Russian frontier. The most important of the 
Austrian coalfields is that of Ostrau-Karwin, 
which is really a part of the great Silesian 
field chiefly possessed by Germany, and 
extending as far as Russia. 

The Rich Seams of Aostria-Hungary and 
the Coalfields of France 

The Ostrau-Karwin deposits consist of over 
three hundred seams, ranging from eighteen 
inches up to twelve feet in thickness, of 
which over a hundred are commercially 
available. The Austrian lignite mines are 
also of great magnitude. On the slopes of 
the Erzgebirge there is a bed of fine hard 
lignite forty to fifty-three feet in thickness. 
Hungary has not a great deal of bituminous 
coal, but her lignite mines are valuable and 
productive. Bosnia produces a great deal of 
ood lignite, and has some scams thirty to 
fty feet thicks Altogether, the Austro- 
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Hungarian Empire has a coal area* about 
one-sixth as great as that of the United 
Kingdom, but her inferior coal resources arc 
supplemented by water-power. 

France is, after Germany, the greatest 
bituminous coal producer in the world, and 
has valuable deposits which, combined with 
recent development of her water-powers, 
make her, in point of present power 
utilisation, the fourth great industrial 
nation. Coal of commercial value is found 
in the north, in the centre, and in the south 
of France, and there are also some valuable 
deposits of lignite. The national production 
has not advanced very rapidly. As long ago 
as 1890, about 26,000,000 tons were pro- 
duced, and after tw'enty years’ further 
development the total is but 10,000,000 
tons higher. The most valuable coalfield 
is that of the north, where the seams are 
continuous with those of BMgium. Actually 
great, but relatively small, France as a 
power area suffers by comparison withti 
Germany; and the comparative advance of 
Germany in recent years is, of course, verv 
largely accounted for by the Frencn 
handicap in this supreme natural advantage. 

It is a point in the comparison which is 
easily overlooked, in spite of, perhaps 
because of, its overwhelming importance. ^ ^ 

The Small Output of the Enormous Coal- 
fields of Russia 

A minor point to be borne in mind when 
comparing the fuel of France with that of, 
say, England is that France, for climatic 
reasons, does not need to spend so much 
strength or income in the getting of coal 
for the purposes of domestic heating. This 
somewhat improves her comparative 
position, but it does not atone to her for 
her comparative lack 01 native power. 

Russia comes next under review. The 
enormous territory of Russia in Europe 
includes some great coal areas, larger 
indeed than those of the United Kingdom, 
but not nearly as valuable. Thus, the 
Donetz coalfield alone has an extent almost 
as great as that of all the coalfields of the 
United Kingdom, but not only are the seams 
thin but the coal is poor in quality. The 
Moscow coalfield, again, has an area of 
9000 square miles, but many of its thin 
seams are too 4ipep to be commercially 
valuable, and they are therefore not 
worked. We need not be surprised, there- 
fore, if Russia, in spite of her enormous 
coalfields, produces but some 25,000,000 tons 
qf coal a year, and that in recent years her 
output has been almost stationary at 
about that figure. The facts in this case 
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are another reminder of the importance of 
possessing not merely coal, but easily won 
coal ; and it cannot too clearly be remem- 
bered that in the world of commercial 
competition coal which cannot be 
competitively worked does not, for practical 
purposes, exist at all. Not content with 
the existing economic position, the Russian 
Government is actively taking steps to 
develop water-power in districts such as the 
Caucasus. Great power-stations are to be 
erected to supply cheap current to be the 
life-blood of factories and workshops. 

POWER PRODUCERS— GREAT AND SMALL 


The figures' are for 1907, which was a 
year of world-wide good trade. 


NATIONS 

Tons of Coal 
Produced 

Per Cent, 
of World's 
Output 

• 

Thrke Chikf Indus- 



TRIAL Powers — - 



► United Kingdom . . 

268,000,000 


United States . . 

429,000,000 


German Empire . . 

202,000,000 



899,000,000 

821 

Minor Coal Pfodu- 



CERS 



Austria-Hungary , . 

47,000,000 


France 

30,00a, 000 


Russia 

25,000,000 


Belgium 

2.3,000,000 


Japan 

1 3,000,000 


Qiina 

8,000,000 


Spain 

4,000,000 


Chile ' 

700,000 


Holland j 

(>0t),000 


Me.Kico i 

600,000 


Italy 

4(jo,ooo 


Turkey 1 

4o<j,o<)o 


S\ve<len ; 

.300,000 


Servia 

200,000 


Peru 

200, (KJO 


Bulgaria 

100,000 


Roumania 

100,000 



159,600,000 

145 

British Empire, ex- 



cept United Kingdom 

36,700,000 

3*4 

TOTAL FOR AI.L 
THE WORLD 

1 

1,095,300,000 

100*0 


The little kingdom of Belgium, which 
produces very nearly as much coal as the 
great Empire of Russia, is j^erhaps the most 
striking illustration the world affords of 
the extraordinary effects produced by the 
possession of power. Belgium is the smallest 
kingdom of Europe, but she contains the 
densest population. Her total area is but 
a little over 11,000 square miles. She 
is thus about twice as big as Yorkshire ; 
yet the last census — that of 1900 — showed 


her to have a population of nearly 7,000,000 
people, or nearly 590 persons per square mile, 
against 290 per square mile in Germany, and 
375 square mile in the United Kingdom. 
The explanation is chiefly to be found in 
the fact that Belgium has about 1000 
square miles of rich coal area. In addition 
to the basins of Hainault and Liege, which 
have long been worked profitably, important 
fresh discoveries have recently been made, 
the new coalfield of the Campine containing, 
it is estimated, over 500,000,000 tons of 
coal. Belgium, as a consequence, is highly 
industrialised ; and the effect upon her 
external trade is to make her, for her s\ze, 
a very vigorous exporter of manufactures, 
which in many cases compete effectively 
with those of the great industrial countries. 

The Smaller Countries of Europe that have 
Very Little Coal 

Unfortunately for Europe and the white 
races generally, and especially so for the 
countries concerned, the remainder of 
Europe possesses very little coal. It will 
be seen that Spain, Holland, Italy, Turkey, 
Sweden, Servia, Bulgaria, and Roumania arc 
indeed named in the table on tliis page, 
but little more than named. Between them 
they produce in a year much less than 
10,000,000 tons of coal, or far less thaij^thc 
variation in British production in a year. 
As a consequence, the populations of these 
lands are chiefly engaged in agriculture. 

Spain, which bulks most largely in the 
remaining European States in the coal list, 
has been estimated to possess mines contain- 
ing 3500 million tons of coal. What this 
means may be realised wlicn it is remembered 
that the United States is now ])roduci ng 
nearly 500, 000, 000 tons in a single year--- 
a rate which would exhaust the Spanish 
mines in seven years. The real meaning of 
this is that S|)ain is merely a nominal coal 
producer. It is a fact with very remark- 
able consequences. 

The Spanish Iron Mines that are Worked 
Chiefly for the Benefit of Foreigners 

Spain is exceedingly rich in iron ore, but 
because of her lack of power the Spanish 
iron ore mines arc worked chiefly for the 
benefit of foreigners. British and German 
ironmasters compete for the Spanish iron 
supplies, and tens of thousands of Britons 
smd Germans earn a livelihood based on the 
magnificent ores of Bilbao. In some cases 
the Spanish iron mines are for practical 
purposes owned by foreigners, so that in 
truth an iron mine may be only nominally 
in Bilbao and only nominally Spanish. 
Again we have forcibly illustrated the effect 
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upon commerce of the possession of large- 
scale power. If Spain had the coal mines 
of the United States, her iron ore would be 
smelted at home, and the Spanish export 
trade in iron ore would no longer exist. 
As things are, Spain ships to the United 
Kingdom about 3,000,000 tons of iron ore 
every year. 

More remarkable still is the case of Italy. 
Here is a great nation, with a population of 
about 35,000,000 people, who, at the begin- 
ning of the twentieth century, and in the 
age of coal, find themselves almost entirely 
wanting in the most important factor in 
modern work. The tiny production figure 
given in the table refers to lignite and not 
to coal proper, and even of lignite the pro- 
duction amounts to hut 400,000 tons a year 
— an almost negligible quantity. In view 
of this fact, the industrial ])rogress of 
modern Italy can only be regarded as 
remarkable. It is largely based upon the 
dcvelo])ment of water-power. The urgent 
S])ur of necessity has prom])t('d Italian 
engineers to develoji the considerable water- 
power of the peninsula, and upon this 
vitally important work a not inconsider- 
able industrial output has been founded. 
In Northern Italy, the cotton mills are being 
electrified. Milan is yearly consumiiig 
additional electricity based on “ white coal.” 

The Development of “ White Coal ’* in 
Italy anH Switzerland 

(ireat care is being takcMi not to entrench 
upon irrigation, this danger being met by 
a suitable storage system. Among the 
cities of from 10,000 to 50, 000 inhabitants 
now su])|)lie(l with electricity are Vercelli, 
Novara, Pavia, Bergamo, Brescia, Verona, 
Voghera, Alessandria, Mantua, Vicenza, 
and Intra. Many of these have become 
important manufacturing centres through 
hydro-electrical installations. The city of 
Como, one of the principal silk centres of 
Europe, draws power from the lake of 
Lugano through a line 27 miles long. 
Verona, which the mind instinctively 
connects with one of the world’s most 
famous romances, has, in 1912, pros})erous 
factories fed with electricity from water- 
])ower. In Venice, too, there are important 
electrical developments. 

Similarly Switzerland has endeavoured 
to develop “white coal” for want of the 
black variety. She has a little inferior 
anthracite, but the total area of all her 
available coal and lignite measures is little 
more than 200 acres. A great deal of 
good work has been done in developing 
water-power, but, even so, Switzerland is 
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hard put to it to maintain some of her 
chief industries. The most telling example 
is the watch industry. For centuries the 
Swiss watchmaker has justly had a world- 
wide reputation based on ingenuity and 
skill. Yet we find a recent official report 
on the Swiss watch industry stating that 
the transfer of this branch of trade across 
the frontier is a question engaging the 
attention of those concerned ; and various 
suggestions are being considered for arrest- 
ing such a movement and preserving this 
important and characteristic industry, for 
the Swiss people. 

The Natural Wealth of Countries who 
Cannot Make Use of It 

The case of Sweden, which figures in 
the table for an annual coal production 
of 300,000 tons, is similar to the case 
of S])ain. Sweden has been estimated to 
l)ossess 40,000,000 tons o1 coal ' an amount, 
that is, which is raised in the United 
Kingdom every two months. Consc(iuentl>^ 
Sweden, which, like S|)ain, is exceedingly 
rich in iron ore, is not a great iron ])fo- 
diicing country - although her charcoal iron 
has a fine reputation for certain special 
uses — but a great iron ore exporting 
country. Scanclinavia is a rich iron land, 
and the best Scandinavian deposits, having 
few ecjuals in the new world or the old, 
are found in Sweden, (iermany, and to a 
less extent the United Kingdom, import 
enormous (piantities of ore ev^’ery year, 
(iermany alone taking nearly 2,000,000 tons. 

Again we sec the natural wealth of one 
country of more use to the foreigiu'r than 
to the native, because the foreigner j)ossesses 
the means of powia’ control (lenied to the 
native. In the. last y^ar or two Swed(*n 
a])pears to have awakened to the economic 
disadvantages which she suffers, and there 
has been much activity in developing her 
not inconsiderable water-pow'cr. 

How Sweden ia Adding to Her National 
Store of Power 

In 1910 one public and twenty private 
water-power installations were completed, 
with a maximum output of over 100,000 
horse-power. In 1911 State and private 
enterprise is again adding a further 
100,000 horse- power to the national store ; 
and there is no doubt that the near future 
will see other very great developments, 
and consequent changes, in the nature of 
Swedish commerce. If would be idle to 
supjx)se, however, that by any possible 
•efforts of this kind Sweden could hope to 
rival the leading power owning countries. 
Germany and the United States have not 
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competitors of Western nations in the years to come. 
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only coal but water power. One single 
ower scheme in the United States now 
eing carried out, that at the Des Moines 
Rapids on the Mississippi, will have an 
output of electrical energy ecjual to all 
that Sweden has developed in two years. 

The sister Scandinavian kingdom of 
Norway has no coal output, but is the 
fortunate possessor of water- powers which 
she is wisely developing. For example, 
the great waterfall at Tinfos is being 
utilised for the manufacture of nitrogen 
from the air, the necessary electrical power 
for the process being very cheaply made. 

Denmark, Holland, and Portugal arc 
very poorly furnished with either coal or 
water power. Turning to the south-east 
of Europe, there are some fair deposits of 
fuel, chiefly lignite, in the Balkans, but 
the quantities arc almost negligible in 
relation to the needs of large scale manu- 
facturing. 

In our survey of the British Empire wc 
have already seen that the entire continent 
of Africa is very poorly furnished in coal. 
The riches of the North American continent, • 
and the not inconsiderable power supplies 
of Australasia, have been reviewed. It 
remains to deal with the difficult and 
interesting problem of Asia. 

The Immense Coalfields of the Chief Nations 
of the Far East 

It is a striking and significant fact that 
two Asiatic nations, Japan and China, 
stand next to Belgium in point of coal 
output. Japan has in a very few years 
risen to the position of a considerabli! 
producer. As recently as i8()o her output 
was less than 3,000,000 tons a year ; in 
1907 it was 13,000,000 tons, and for 1911 
it will probably be 16,000,000 tons. The 
Japanese coalfields are supposed to have 
an area of about one-half of those of the 
United Kingdom, but they arc not nearly 
as rich in content, and there is no reason 
to suppose that Japan will ever become 
a really great producer. We may be quite 
sure, however, that her rcisources, for what 
they arc worth, will in the future be worked 
as energetically as those of the European 
nations, and we may expect to see Japan 
take a high place as an industrial power 
in the twentieth^ century. 

It is when we turn to China tlfat we 
find a coal nation of the first rank. The 
small Chinese production shown on page, 
743 is exceedingly misleading as a test of. 
the richness of the coal resources of China. 
So great are they that it is difficult, to 
exaggerate either tlieir importance or the 
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prospects of Chinese industry which must 
follow upon their proper development. 
The United States has a coal area of about 

200.000 square miles. China has a coal 
area of 232,500 square miles, to realise 
which wc have to imagine a coalfield twice 
as great as the entire area of the British Isles. 

TKe Extraordinary Richness of China in the 
Souree of industrial Power 
It is probable, too, that this is but a 
conservative estimate, since exploration 
can scarcely have been thorough. The 
deposits are exceedingly rich in available 
coal ; and it is probable that the bituminous 
coal and anthracite available in China at 
depths making it commercially profitable 
to work them arc twice as great as those 
of the United States. According to Baron 
F. von Richthofen, China has available 

630.000 million tons of bituminous coal 
and as much anthracite. ‘Let us compare 
the other three great coal nations. 

CHINA’S LEAD IN COAL 
Showing the tons estimated to be available. 

China . . 1,200.000,000,000 tons « 

United States ., .. (>81,000,000,000 tons 

German Empire .. 415,300,000,000 tons 

United Kingdom . . 145,000,000,000 tons 

While these figures can only be accepted as 
approximate estimates in each case, there 
can be little doubt that China possesses 
at least as much coal as the United States, 
Germany, and the United Kingdom together. 

Coal has a wide distribution in the 
Chinese Empire, and there arc important 
fieUls in tlie north-east, in the west, and in 
the south. In the north-eastern field the 
deposits are magnificent. According to 
accredited estimates, the average thickness 
of the beds is, for Kaiping, 18 ft. ; for 
Wangping, 35 ft. ; for Fangshan, 20 ft. ; 
for Ping-Ting, 20 ft. ; and for Tse-Chou, 
22 ft. These fields together represent 
12,500 square miles of coal, with a content 
of 350,000 million tons ! 

The Arrested Development of the Yellow 
Races 

The coalfields of Shansi may be the 
richest in the world ; they have . an area 
of 13,500 square miles, and there are several 
seams of fine anthracite, the main seam 
being 18 ft. to 27 ft. in thickness, and 
continuous over a^huge area. It is a fact 
more easily stated than realised. 

What may be termed the arrested 
development of the Yellow Races is a 
phenomenon of exceeding interest. It is 
npt merely that the Chinese are a civilised 
people ; they were civilised when the 
United Kingdom was peopled with painted 
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Savages. China “ witnessed the rise to 
glory and the decay of Egypt, Assyria. 
Babylonia, Persia, Greece, and Rome, 
and still remains the only monument of 
-ages long bygone.” Tens of centuries 
ago, China had attained to a civilisation 
of no mean order. It is difficult to explain 
why that civilisation was arrested, and why 
in every department of life progress came 
to a standstill. Why, for example, having 
won a certain knowledge of astronomy, did 
the Chinese intellect not pursue the subject 
to independent discovery of the brilliant 
revelations of the Cosmos made in the far 
newer Western civilisation ? Why, again, 
did China, which knew tlie value of coal 
long centuries ago, and had such a bountiful 
supply, not discover what power could be 
unlocked for the burning of it ? 

Seven hundred r - — 

years ago Marco 
Polo, the Italian, 
travelling to far 
Cathay from 
what was, and 
is,'' a coal -less 
land, found the 
Chinese using 
coal for fuel. 

He tells us that 
” Thr ou g hout 
this province 
there is found a 
sort of black 
stone , which 
they dig out of 

the mountains, thk ratt.wav that 
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may be had in the greatest abundance 
and at a cheap rate.” 

We can imagine that this passage must 
have been tliought a traveller’s tale by 
many of the Venetians who first read their 
compatriot’s marvellous story ; to-day 
we know that the ‘'black stones” are 
even more marvellous than they must 
have been considered to be in the Italy 
of the thirteenth century. The passage, 
too, is valuable as reminding us how long 
the Chinese have been a civilised people, 
bathing themselves religiously in an age 
when many European i)otentates neither 
drank water nor washed in it if they could 
help it. Whatever the explanation, the 
Chinese development was stayed, and not 
until recent years has mining in the modern 
sense been applied to this mighty Eastern 

— , source of power. 

Who shall put 
a limit to the in- 
dustrial develop- 
ments of China 
when once the 
Celestial Empire 
gets under way 
with modern 
appliances ? Min- 
ing and manu- 
f a c t u 1 i n g are 
easily trans- 
planted to a new 
land — ” all men 
can grow the 
flowers now, for 
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where it runs in (Copper, iron, an<l coal abound in Central y\sia, but the absence of roa^s of any S C C d . T ll C 
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and retains the fire much better than wood ; 
in so much that it may be preserved during 
the night, and in the morning be found still 
burning. These stones do not flame, except 
a little when first lighted, but during their 
ignition give out a considerable heat. It 
is true there is no scarcity of wootl in the 
country, but the multitude of inhabitants 
is so immense, and tJieir stoves and baths, 
which they are continually heating, so 
numerous, that the quantity could not 
supply the demand ; for there is no person 
who does not frequent the warm bath at 
least three times in the week, and during 
the winter daily, if it is in their power. 
Every man of rank and wealth has one 
in his house for his own use ; and the stock 
of wood must soon prove inadequate to 
such consumption ; whereas these stones 


his own advantage, but we must re- 
member Chinese coal cannot be developed 
for the foreigner’s benefit alone ; it is 
impossible for China herself not to gain, 
since the economic power of coal can only 
be fully developed in the jflacc where the 
fuel is got. That China is intellectually 
astir it is impossible longer to doubt. 
The great revolution ol 1911, wliatevcr its 
outcome, is the sign and portent of a 
stirring of life and of thought which cannot 
be controlled, and which will find expression 
in many forms. 

Few realise how rapidly industrial de- 
velopments arc proceeding in the East. 
In 1911 there arc many Chinese mines 
that are being worked on modern prin 
ciples. The Kaiping collieries in Chihli 
have been owned since 1900 by a British 
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company, and have a daily capacity of 
6000 tons. In the same province the 
Lanchow collieries are owned and worked, 
in op])osition to the Kaiping undertaking, 
by a Chinese company which employs 
German engineers ; the daily capacity is 
5000 tons. There is also the Ching-Ching 
colliery in Chihli, partly owned by the 
Chinese GoverniAcnt, with a daily capacity 
of 1000 tons, and the Mengtehou mines 
owned by an Anglo-Chinese syndicate. 
In Honan province the Pekin Syndicate, 
Limited, a British concern, has important 
mines at Ching-Hua-Chen, which were 
opened in IQ05. In Eastern Shansi, a 
very rich coal district, a Chinese mining 
company has collieries at Ping-ting-chou. 

The Mighty Centres of Industrial Effort 
that May Arise in the Far East 

Another Chinese undertaking with German 
engineers works collieries at Tingh-siang 
in Kiangsi province, which have an output 
of 0 oo,ooo tons a year. A German company 
opened collieries in 1902 at Fangtze, and a 
Chino-German company is mining in 
Southern Shantung. These and other enter- 
prises, native, partly native, and foreign, 
are, it is true, but touching the fringe of 
China’s mineral wealth, but the outjnit is 
rapidly increasing ; and it is impossible to 
doubt that the course of another fifteen years 
will see China the fourth coal producer in 
the world. Thereafter she will gain rapidly 
upon Britain and (Germany. 

Then will be set up in the Far East 
mighty centres of modern industrial effort, 
which will entirely change tlie position of 
China in tlie world of trade and in the 
category of nations. For China* is as rich 
in other minerals as in coal. Merely to speak 
of what is known, she has enormous iron 
deposits, and it may be surmised that much 
remains to be proved. On the Yangtze, 
seventy miles below Hankow, there exists 
one of the richest iron mines in the world. 

When the Hundreds of Millions of Chinese 
People Find China's Power 

The ore exposed on the gurface is estimated 
at 500,000,000 tons. It may well be that 
China is the richest iron country as well as 
the richest coal country. There are also 
proved and valuable deposits of copper, 
lead, tin, mcrctiry, antimony, and zyic, and 
of gold, silver, platinum, and nickel. Other 
important minerals found in abundance 
include petroleum, marble, porphyry, china 
clay, sandstone, salt, sulphur, plumbago, 
alum, asbestos, and precious stones in 
variety. We have to imagine what may, 
what will, be done with all these good 
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gifts when the latent industrial capacity of 
hundreds of millions of strong and intelligent 
people are reinforced by the utilisation of 
the potency of a coal area of considerably 
over 200,000 square miles. 

It would be a profound error to 
suppose that such a change in China as 
would be necessarily born of modern power 
development would be of injury to the 
commercial interests of the Western nations. 
In the days when China, as we need not 
hesitate to prophesy, will be a great and 
flourishing industrial nation, she will make 
exchanges with Europe and America' far 
exceeding in value her existing commerce. 
Chinese import trade is now worth but about 
£50,000,000 a year. 

The course of the twentieth century may 
see this figure multiplied fivefold or more as 
China builds, upon the sure foundation of 
power which we have described, a vast and 
many-sided industry and commerce. It 
was doubtless the policy of exclusion, and 
the consequent lack of contact with the 
intellects of other races, which contribu^d 
to that peculiar arrest of growth which 
marked the history of China. A wider com- 
merce with the world, and the consequent 
enlargement of the Chinese mental horizon, 
may give such an impulse to the Chinese 
people as to reveal unsuspected qualities in 
what is recognised as excellent material by 
those who know China best. 

The Change that May Come Over the Face 
of Asia 

Let us proceed with our survey of the 
world’s wealth in coal. A great deal of coal 
occurs in Siberia, in Turkey, in Asia, and in 
Western Asia, but it does not appear that 
these places have the abundance of fuel of 
Eastern Asia. There must necessarily be 
some uncertainty on the point, because of 
lack of development in Siberia, or Asia 
Minor, or Persia. The Trans-Siberian rail- 
way will doubtless lead to great mineral 
developments, and, indeed, it certainly 
runs through some very fine coal reserves. 
In Asia Minor the Turk has done little with 
the excellent coal resources which exist 
in many of its provinces. The day may 
come, however, when the valleys of the 
Euphrates and the Tigris will once again be 
fertile through nxgdern irrigation, and when, 
with latent power resources develqped, the 
great area of Turkey in Asia will support tens 
of millions of prosperous agricultpral and 
industrial workers. 

, It is not a little strange that the nations 
of Latin- America, which now numbef 
between them, as is little realised in Europe, 
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some 70.000. 060 people, should be ahuost 
entirely lacking in coal. Even in North 
America the great coal deposits have 
relatively little extent in Mexico. We say 
relatively, because Mexico is by no means 
lacking in fuel. South America has coal 
in Colombia, Argentina, Brazil, Peru, and 
Chili, but the deposits do not appear to be of 
great importance. The remarkable recent 
growth of wealth and population in the 
South American nations has been due, not to 
industrial developments in these parts of 
the world, but to what we have termed 
the second great determinant of the dis- 
tribution of population — fertility. 

It remains to be seen whether, by the 
development of water-power or other 


and while there is something of uncertainty 
in Ihe factors (d’ power ownershij^, and no 
less in regard to the ])()ssibilities of the 
scientific use of power su]^plies, it is probable 
that we have limned witli essential accuracy 
the outlines of tlu‘- position as it is. The 
causes of the main existing currents oi 
trade, and of the nature and extent of the 
commerce of the various nations, can only 
be understood by reference to the main 
factors we have been considering ; and the 
probabilities of future development may 
be prophesied in the light of them. 

It was the knowledge and understanding 
of such factors, although in more limited de- 
gree than is ours to-day, which enabled far- 
seeing men to predict fifty years ago the 
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It is dlfncult to resist the conclusion that the Aiiia/on River may heroine the .seat of ^reat incluslrial power in tin; future. South Anieric: 
has developed marvellously iu nt^riciiUiiie, owinn t.hc fertility of the .soil ; and hy h.'irnessiuQ the Kreat water-power of the r.ioidM of tiu 
Amu/on, Sotith Ainerira wid doubtless enrich this part of the world with flourisltiu); industries. 


means. South America will be able to add 
flourishing industries to a great agriculture. 
In minerals other than coal South America is 
rich, and South American “ white coal ” is 
a factor to be reckoned with. The great 
rivers of South America, with their numer- 
ous waterfalls, should be able to sustain 
industry on a big scale. We may note that 
already Sao Paulo, in Brazil, is lit with 
electricity derived from water- {lowcr, and it 
is expected that this town will soon be a. 
manufacturing centre happily free from the 
great social nuisance of dirt which the use 
of coal brings. 

We have now surveyed broadly all the 
world of power as it has as yet been re- 
vealed to us. The three corners of the 
world are rapidly being brought together : 


future industrial and commercial cmincnci 
of the United States. With greater meant 
of information, wc are now ablit to conceivi 
a great industrial future, in varying di'grcc 
for Canada and China, for Japan and Soutl 
America, for Australia and New Zealand 
and. happily, not for these alone. Oui 
knowledge of the nndiTlying reasons foi 
commerce enables us to rejoice in the 
prospect of these developments, in the 
certainty tliat no om; part of tlic work 
becomes ricli because another is poor 
and that no nation becomes the poorei 
because wealth is built up in another land 
The greater the production of wealth ir 
each of the many lands we have examined 
the briglitcr the prospect of healthy gair 
for each citizen of the commercial world. 
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1 nmilive wonian, w^e may safely assume, collected wild grass-seeds, nuts, and acorns ; and while her 
husband was busy huntings she invented tlie arts of agriculture, which domesticated man, attached 
^ him closely to the soiL and made civilisation possible. 
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THE TRIUMPH OF WOMAN 

How the Women of Primitive Days Bui^t the First Homes, Domesti- 
cated Man, and Gave Birth to Agriculture, Industry, and the Arts 

WOMAN AS THE MOTHER OF CIVILISATION 

“ \y^oMEN/' said Lord Chesterfield, " are to that of man’s as, at most, 70 is to 100. 

VV children of a larger growth.” What Thus it looks as though woman has, in 
the c^mic said in jest, the man of science proportion to her body-weight, a little 
asserts in earnest. Woman is more of a child- more brain-weight than man. She is also 
than man is. This is a fact not merely of more hairless and more delicately built, 
human life, for the difference between the In short, she is a child of a larger growth, 
sexes is similar in ailimal life generally. and she can congratulate herself on this 

On the whole, the adult male diverges, to fact. Her superiority in comparative braiii- 
a greater extent from the infantine type mass, however, implies no intellectual 
than the adult female. From this it has superiority, but is merely a characteristic of 
sometimes been concluded that woman is short ])cople and children. On the other 
only ** undeveloped man.” This is a mis- hand, there seems to be no reason for the 
leading statement, if understood to mean belief that women are naturally slightly 
that woman is inferior to man as he is at less intelligent than men. Many of the 
present. It would be truer to say that differences between the adult sexes of 
woman is higher in the line of evolution civilised communities are due to differences 
than man. Like the child, but in a less in education. By education we do not mean 
degree, she is the undeveloped man of the only mental training, but mainly muscular 
future. Practically all adult males re])rcsent education, bearing on the individual devclop- 
only a blind alley lying off the open lines of inent of the nervous organisation, 
development. They are finished and hnite Man uiuloubtedly possesses some natural 
products, while the child — and the woman advantages over woman — he is stronger in 
in so far as she resembles the child — are - body, for instance, while the woman is 
indicative of further growth. stronger in constitution. This fact has 

Man, in short, is the instrument of the determined the natural division of labour 
present; the child is the promise of the future, between the sexes. From the beginning man 
Woman stands midway between them, partly lias been the lighting animal, and woman 
an instrument of the present, and ])artly the domesticating force. Woman has made 
indicative of human evolution. Already the the home, and man has guarded it. Man 
large-headed, delicatc-faced, small -boned has invented the weajions of human siiprc- 
man of urban civilisation has developed macy ov^er the wild beast, woman has dis- 
away from the savage adult, and approached covered the means of turning plants into 
to the physical structure of the woman. food. Man has generally undertaken the 
A few years ago it was commonly thought work requiring great effort exerted suddenly 
that the brain of man was much larger than and for a short space of time, woman has 
the brain of woman. It has now been found, done most of the hard drudgery of existence, 
however, that, in proportion to the size In appearance, a woman of a savage type 
of her body, woman has a larger brain, is the most oppressed creature on the eartli. 
Woman’s brain-weight is to man’s as go is She can still be seen, among the lower 
to 100; but then woman’s body-weight is hunters, trudging along, carrying a hundred 
to man’s as only 83 is to 100. Professor pounds of household utensils, with often 
L. Manouvrier, the French anthropologist, her last-born child slung behind her back or 
goes further than this, and estimates that straddling over her shoulders. She will 
the active organic mass of woman’s body is walk like this for twenty miles a day. In 
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front of her strides her husband, with 
notlhng in his hands except some weapon 
of defence. It does look bad/’ says 
Bishop. Selwyn, “ but it is really an excel- 
lent division of labour. A savage woman 
can carry a very heavy burden, but she 
cannot defend herself as well as a man can.” 

With a little alteration, this picture of 
modern savage life can be made to represent 
the primitive state of the relation of the 
sexes. The woman bore all the burden, and 
man walked in front of her with his club or 
his stone axe, ready to defend his mate and 
his young from beast of prey or human 
rival. When human warfare began, more 
routine work fell on the woman, and more 
risk and danger on the man. Probably for 
hundreds of thousands of years the inventive 
genius of the human male was spent chiefly 
in devising instruments of destruction. He 
threw away his wooden club, anrl began to 
shape rude axes and weapons of bone and 
flint ; he became cunning in making traps, 
and wise in the wa>'s of both the animals he 
feared and the animals he hunted for food. 

Man the Hunter and Woman the Founder 
of the Home 

First in hunting; and then in war, he 
learnt to act' in concert with bands of his 
fellow-men, and laid the foundation for those 
social co-operations on a large scale out of 
which grew the clan, the tribe, and the 
nation. His held of action thus became 
larger than the woman’s, and in favourable 
circumstances he seems to have developed 
somewhat larger powers of mind. These 
powers, however, he did not apply directly 
to the development of home life. 

It was left to woman, in all probability, 
to originate the industries of peace. Perhaps 
man found the cave, but it was woman who 
built the house. Moreover, there arc grounds 
for believing that the primitive house came 
into use before the cave. The lowest of the 
lower hunters has no fixed place of abode. 
He cannot stay long in one jjlace, as he 
soon exhausts tlie game and other natural 
resources. Even a hunter of the higher type, 
like the American Indian, wanted about 
2000 square miles for himself ; at least, 
he possessed this in New York State before 
the white settler drove him away. As a 
rule, a thousand farmers can live on the 
area a single hunter requires. 

At the pre'sent day, Australian natives 
sometimes travel twenty miles between 
sunrise and sunset. The woman carries all 
the furniture. Here is a list of it, made by * 
Sir George Grey : A flat stone to pound 
roots with, earth to mix with the roots, 
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quartz to make knives and spears of, stoiK 
for fashioning into axes, cakes of gum use 
in mending weapons and sticking down tli 
bindings that kept stone instruments er 
closed in their wooden handles, kangaro 
sinews for thread, needles made of the sma 
bones of the kangaroo, ojiossum hair fc 
waistbelts, shavings of kangaroo skin t 
polish spears, some grease, and stone knivc 
and axes. In addition to all these things 
the savage woman carries a digging-sticl^ 
with which she digs up roots. It is als 
her building implement. . 

The WaAdering Womau who Carries Her 
House About the World 

When the family arrives at a good plac 
to camp, the woman digs eight holes witl 
her digging-stick. Into these holes she put 
eight poles. The upper ends of the pole 
slant towards each otljcr and meet in sucl 
a w^ay that they do not require to be tio< 
together, thanks to the art with which tli 
woman builds her house. Through the pole 
the woman laces smaller sticks, and ove 
them she places a layer of grass and loave 
or pieces of bark. Thus is formed a smal 
rainproof shelter, serving fairly well as i 
temporary dwelling-place, but representing 
scarcely any advance on a bird’s nest. Th< 
women of the Bushman race, which is some 
what higher in culture than the lowest o 
Australian natives, make a ])ortable shelte 
of mats. The Red Indian woman also carrie 
hci; wigwam with her when she goes on ; 
march. It is a valuable thing, made out o 
the hides of animals. 

Everything thus goes to show that tli< 
female of the ciirliest wandering races wa: 
the original hoinc-builder. Shelter was mor< 
important to her than it was to the man, fo 
she had a frail child to protect from th< 
inclemencies of the weather. 

The Invention of Clothes in a Europe that 
Grew Colder and Colder 

Peril ajDS it was also for the sake of tin 
cliikl that woman invented clothes. Amonj 
the rude stone axes of our earliest pre 
dccessors in Europe are found the skin 
scrapers used by their women. Until th< 
Rev. Frederick Smith recently pointed oul 
that these skin-scrapers are to be founc 
in considerable number among the mosi 
ancient of prehistoric remains, no evidence 
of the activities of very early women hac 
been discovered. But now it seems cleai 
that our remotest ancestors were clothfed b> 
their wives and daughters. It was growing 
cold in Europe in those far distant days, anc 
it is probable that the women began bv 
making dresses for themselves. 
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This stage of culture was recently found 
among the natives of Tasmania. The men 
went naked, but the women wore a loose 
covering of skins. Man, the hunter, was 
certainly the last to take to clothing, for it 
impeded him in his craft, until he became 
well used to it. With few exceptions, savage 
races throughout the world still throw on 
women the task of working up the hides of 
beasts into clothes, tent coverings, and 
canoe coverings. 

The First Tailor and the First Weaver of 
the Early World 

There is some doubt whether woman 
invented sewing ; at least, Professor 
W. 1. Thomas, of Chicago, is inclined to 
give man the credit for discovering the 
uses of the bone needle and the tough 
tendons from the back or k'g of deer and 
otlier mammals. It is su])posed that these 
threads of sinew were first used by the 
hunter in setting snares, and then adapted 
by him for the purpose of sewing skins 
t(^gether. However this may be, the savage 
woman now is usually tlie tailor as well as 
the skin-dresser of her tribe ; she is also the 
shoemaker and the tentniakcr. It is true 
that the males of the North American 
Indians make their war-dresses themselves. 

Again, tlu; young Zulu has, by custom, to 
make for his bride a petticoat reaching from 
her bosom to her knees; he scrapes and rubs 
the hide until it is as soft aiul as smooth 
as a fine cloth. Put this, too, seems to be a 
ri te. On the whole, all the evidence available 
goes to show that woman invented clothing. 

Woman was also the first weaver. She 
began with reeds and green, flexibh^ twigs. 
Being the bearer of bualens aiul the fetcher 
of water, she wanted something in which 
to carry her belongings. She had already 
praciised a rude kind of basketry in v/eaving 
twigs into hurdles as a shelter against rain. 

The Far-oif Beginning of the Art of the 
Potter 

The very lowest of known savages can 
at least weave twigs together in a rough 
fashion. Above them arc the tribes which 
make rough hampers — the women, of course*, 
doing the w’ork. Then baskets of all materials 
appear — wood, bark, bast, grass, skins, and 
roots. The best example of this kind of 
woman's work is a basket of roots or grass, 
woven with a two-ply twine, in which the 
twines are driven so close together as to 
make the vessel water-tight. Here we come 
to the origin of pottery. 

These woven vessels are often as water- 
tight as goatskins or stoneware, and they 
are used for cooking. Water and food are 


jilaced in them, and stones arc heated in a 
fire close by and drojiped into the water. 
When the baskets showed signs of wear 
they were plastered with wet cljiy, and when 
this dried hard the vessel was able to be 
placed on the fire. The remains of the most 
primitive pottery are distinguished by marks 
of twine-woven basketry, showing that the 
pot was made by plastering a basket with 
clay and then burning it. This, however, is 
a laborious and roundabout process ; and 
the next advance that woman made was to 
weave a jiot. She rolled a piece of clay into 
a long ribbon, and, taking a low basket 
bowl, built up inside it a series of clay rings. 
On reaching the levt^l of the bowl, she still 
kept twining the ribbon of clay round and 
round until she had formed a vessel 1hr(*e or 
four times higher than the bowl. Each coil 
of clay was lirmly ])rcssed against the coil 
beneath, so that the vessel became water- 
proof. It was then set to dry, and rubbed 
down with a smooth stone. 

The Surprising Things that Came Out of the 
Primitive Woman's Basket 

The next step that woman took can be 
traced among the women of New Caledonia. 
Instead of twining a ribbon of clay inside a 
basket bowl, tlu’y ])lace the wet clay in an 
old clay bowl, which they k(ie[) turning 
rapidly as they mould the clay with their 
lingers. Here we find the most j)rimitive form 
ol the jiotter’s wheel ; so we must acknow- 
ledge that woman is the (‘ntire inventor of 
one of the most useful of domestic i^rts. 

That primitive basket of hers was, 
indeed, like the' basket of the modern 
conjurer. Out of it came a number of 
surprising things. Opposed to Professor 
Thomas are several men of science of high 
authority who hold that women invented 
the needle. In making her little house of 
boughs and twigs she used a stick to 
interlace the branches together. In the 
finer work of basketry the slick was re- 
fined into a little sharp wooden awl. 
Then came the finer bone awl, which, 
Professor Mason, of the United Stales 
National Museum, says, is found in almost 
all the graves of jirimitivc woman. Surely 
it was she who first thought of boring a 
hole in the tool that she alone used, and 
used constantly. 

So we must concjiide, against Professor 
Thomas, that out of the basket of the 
woman came the needle. Then followed 
rope and cloth. 

Primitive cloth was made out of the 
fibre of the bark and leaf of various trees. 
For instance, filaments as fine as silk can 
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be obtained by heckling the fibrous bark 
of the American cedar with a bone knife. 
This was the method adopted by the 
Redskin women around Fraser River in 
J^ritish Columbia ; while in the warmer lands 
of South America, and in Africa and Poly- 
nesia, cocoa bark, j)alm-lcaf fibre, and pita 
fibre were used. The thread was first spun 
by fastening the strands to a stone, 
which was twirled round till the yarn was 
sulliciently twisted. The yarn was then 
wound upon the stone, and the process was 
repeated over and over. Thus the idea of 
a spindle was discovered, and the spindle 
itself, with its spindle whorl, followed. 

The Spinning-loom that Came Out of the 
Magic Basket 

And then, out of the magic basket, 
woman, the inventor of all the domestic 
arts, brought forth the spinning-loom. It 
first consisted of two rows of sticks, fixed 
opposite to each other in the ground. 
TJie warp was fastened to tliese sticks, 
and the threads of the woof were passed 
through with the hand, and pressed back 
by a rude wooden comb. I'lie simplest 
form of hand-loom is to be seen in use 
among the savage women of British 
Guiana. They use it for making their 
aprons. The frame consists of two rods, 
one flexible and bent in a semi-circle, the 
other straight and having its ends tied to 
the ends of the bent rod. Thus it formed 
a simple frame, shaped like the letter 1). 
The warp threads pass from one rod to 
the other, and the woof is woven into them 
by means of a slender stick on which the 
yarn is wound. Long before the white man 
came to America, hemp and cotton were 
used by tribes in the lowest stage of culture. 
Even the cannibal Carib woman of the West 
Indies had a primitive cotton plantation. 

Agriculture, the Most Important of All the 
Achievements of Women 

This brings us to the most imj)ortant 
of all the achievements of. woman. There 
is little or no doubt that slic discovered 
agriculture, and thus domesticated man 
and founded civilisation. Neither the lower 
nor the higher hunters are able to keep 
themselves and their families o-n the spoils 
of the chase, dhimitive woman is the 
chief food-bringer. In her exploitation of 
her peculiar kingdom — the vegetable world 
— woman first appears in the act of taking 
from the hands of Nature those fruits 
and other j)arts of the plant which are 
ready to be eaten. On her next journey 
she ventures a step further. With digging- 
stick and carrying basket she goes out 


in search of roots which have to be roasted 
or boiled with^ hot stones to make them 
human food. Then, on her third journey 
— ^she is still taking it in the wilder parts 
* of Australia — she gathers the seed of 
grasses. In our list of the furniture of 
the Australian woman we omitted a curious 
stone about eighteen inches square and 
several inches thick. It seems a far stretch 
from one of our huge, steam-driven steel 
mills to this square of stone which the 
blackfcllow’s wife carries with her in all 
her long wanderings, but all the steps in 
the development from this stone to the 
modern mill can easily be traced. 

Having collected the seeding grass, the 
woman digs a hole tw^elve inches deep, and 
puts the bundle in it and stamps on the 
grass until the seed has fallen out. and 
worked to the bottom. She then clears 
the hole and collects the seed, and winnows 
it in a large bowl, using her breath if no 
wind is blowing. After this the seed is 
laboriously ground on the square stOnc^. 
and moistened and scraped back intt) the 
bowl, and eaten either cooked or raw! 

The Prehistoric Women of Europe who 
Ground the Corn 

This is the nearest that the natives of 
Australia have approached to the arts of 
agriculture. The almost extinct Bushmen 
were scarcely more advanced. Their women 
collected the seeds of wild grasses, which 
they pounded in mortars hollowed out 
of the rock. The Bushmen lived in a 
land where game was very abundant ; and 
it seems likely that their w’omcn fa led, 
for w'ant of the pressure of hunger, to 
take the grand step in cultivating the platP'' 
that grew around them. Stones with 
curious resemblance to miillers have beeVi 
found among the oldest prehistoric remain, 
in Great Britain. A muller is a flat str 
which the grinder takes 'in her hand wl 
she is pounding seeds or nuts or aeon 
on a flat stone, in the hollow of a rock 
or in a portable mortar. 

So it looks as though the prehis.toric 
woman of Europe was on the same leve 
as her modern sister in California — who, ! 
few years ago, harvested the acorn, th 
pine nut, and the seeds pf -sand.- g 
With the same free movement of the uod^ 
with which a modern washerwoman washe 
clothes, her savage sister rubs her ^ulle 
up and dowii and sideways v^pon^ th 
not her slab. The work is done in a ic^eel 
ing position, and it is very hard. Hollow 
ing out the nether stone and converting i 
into a mortar make the task more easy 
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and from the mortar is developed the hand- 
mill, worked by two women. 

In northern California, where, as in 
ancient Britain, acorns arc ground for 
food, we find the most primitive form of 
existing granary. It consists of a wicker 
hamper, holding about a bushel, and it is 
set up, full of acorqs, in the huts. In 
southern California the wicker granaries 
are very large. Roughly thatched, and 
lifted by wooden pillars above the ground, 
they show quite as much art and foresight 
as the ricks our farmers build. 

The Work of Women Among Snvnge Races 
in these Days 

There is ample pn^of that among the three 
typical divisions of mankind still in savagery 
— the American Indian, the negroid races, 
anti the Malayo-Polynesians — the women 
are the builders and owners of the first 
c«aches, granaries, and storehouses. There 
is ev^ery reason to believe that the same 
state of things obtained jimong the now 
higher peoples when they were at a low 
stage of culture. 

And if we admit that woman throughout 
the world was the founder and owner of 
the ])rimitive granary, vve must allow that 
she was the inventor of agriculture. For 
the granary is the last step to the tilled 
aiul sown lield. In America woman took 
a grass, which is still to be found growing 
wild, and cultivated it into Indian corn. 
In Africa she grew millet and mealies, as 
she does now. In Asia she transformed 
the wild rice ; and probably in the fields of 
Asia and Europe she cultivated wheat. 
The general lact that woman still remains, 
among ])ractically all existing savages races, 
the cultivator aiul the harvester is additional 
evidence that she may have been the original 
founder of the arts of agriculture. 

Women domesticated man, the cat, and 
the ])lant ; juan tametl the dog, reindeer, 
cattle, sheep, and various beasts of burden. 
Both of these achievements made for a 
settled home and an abundant food supply. 

The Woman's Step that is Probably the Most 
Important AdvaAce Made by Humanity 

In some parts of the world, where — until 
the advent of the white man ---cattle-keeping 
on a large scale was unknown, it was given 
entirely to wonufii to strike down the ])ath 
leading to civilisation. In several regions 
of the Old World, however, man seems to 
have taken to keeping and breeding cattle' 
before woman engaged in farming in a large 
way. Nevertheless, the^^pninitive stock- 
breeder remains a seini-i)oitl^, wandering 
from summer pa;?turages to winter pastur- 


ages. As we see in ancient Ireland, cattle 
raids and tribal quarrels kept him con- 
tinually at war with his neighbours. As a 
rule, it is not until a people settles down to 
agriculture or industry that it falls into a 
way of life sufficiently settled for a civilisa- 
tion to grow out of it. To woman, therefore, 
must be attributed the most important 
advance made by humanity. 

We must remember that her life was 
fairly easy in the pastoral days, when she 
made her last and greatest discovery. Man 
not only guarded and largely fed her and tier 
children, but he took over a great deal of the 
routine work. He drove the herds afield and 
shielded them from beasts of prey and 
human foes. Often he was compelled to 
fight as hard as he did in the hunting age, and 
he had still to conquer the wild beasts that 
ravaged his herds and Hocks. He was more 
continually busy than when he lived on the 
game he tra})ped and slew, but his new' way 
of life relieved the woman of some of her 
heaviest burdens. These burdens, it must 
clearly be understood, were not imposcfl 
U[)on her by man. They fell on her in 
ihe natural course of things. 

The Division of Labour which has Established 
Economic Equality Between the Sexes 

We must not abuse the poor savage 
man, it has justly Ixuni said, who lies itlle 
in the sun for days after his return from 
hunting, while liis heavily laden wife toils 
and moils w ithout complaint. For when we 
bear ili view' the extreme bursts of exertion 
required of him in his struggle for food and 
life with Nature and his fellows, we see that 
he must use evt‘ry opportunity of repose to 
recruit and eki' out his brief and ha;Jardous 
existence. On his strength directly depends 
the welfare of his w ife and offs])ring. 

From the time when man leaj)ed down 
from the tree to the time when he invented 
the steam-engine, there has been, all thir 
considered, a fairly cciual division of labr 
between the sexes. Man has done most 
the work requiring ]X)W’er used swiftly c 
violently ; he probably discovered the use oi 
lire, leaving woman, of course, to guard it 
and employ it for cooking. He built the 
boat which enabled the human race, prob- 
ably in the Old Stone Age, to spread ov'; * the 
whole habitable world ; and he ' 
problem of a constant meat and mii*. .j 
by domesticating many of the anirna*. . 
once hunted. He founded religion and pf 
sophy and law', and m iny of 1 he larger arts 
of life. Woman, as we have seen, discovered 
the<lomestic and agricultural arts ; and in all ' 
probability she found out the value of herbs; 
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By working side by sine, yet. in different 
directions, man and woman arrived at a 
n condition of economic equality. Woman 
became an agriculturist, and man a cattle- 
breeder. This state of things is finely 
described in the Book of Proverbs. 

This was a happy stage in the history of 
mankind, and on it the ancient poets built 
their beautiful fable of the (iolden Age of the 
past. We have already traced in previous 
chapters on the Family and Marriage the 
effect on woman herself of her increased 
value from the economic point of view. Her 
position as daughter, wife, and mother 
became more stable ; desertion and divorce 
grew rare ; the children received more 
attention, and the general span of liuman life 
was lengthened. 

This was also the time when women 
generally began tb count politically. Unfor- 
tunately, the records of most of the civilised 
nation.> do not go back very far. We know 
very little about the Egy])tiansof the first 
c^’nasty, and much less about the Cretans, 
who seem to share with them the honour of 
being the earliest of all the races of mankind 
to arrive at civilisation. 

The Time iivhen Women Began to Count 
Politically 

This liappened jirobably six thousand 
years ago. 'J'wo thousand 3’ears later, 
we find in the laws of the Babylonian 
king Khammurabi the first clear evidence 
of the ]X)sition won by woman in the 
early agricultural states. Her freedom 
and dignity were very remarkable. Her 
husbaiKl brought her a dowr\', aiul when 
he died slur became tla* head of the family. 
In case of divorce, the innocent wife was 
given the tlower and the custody of the 
children, and her husband had to j)ay 
her an annuity. 

Slandering a married woman was as 
ave a crime as slandering a sacred vestal, 
d the slanderer was branded, anti made, 
•L would seem, a slavh for life. Tn Egypt, 
)rcover, inheritance obtained through 
the female line, and succession through 
the mother. As in England in the Eliza- 
bethan and Victorian ages, the queens 
reigned in their own right — like Nitocris 
f ne eighth dynasty, Scemiophrus of 
’ill dynasty, and the renowned 
1 TIatshepsut. 

lie equality of woman with man seems to 
e extended at times even to the priest- 
hood, for we find women as priestesses in 
temples dedicated to female divinities. 
Significant also is the rank occupied by 
goddesses in the pantheon of the two great 


agricultural nations of ancient times. In 
Babylonia, Istar was the nudher of all the 
gods; and down to the days when the 
Christian Church was founded, the Egyptian 
Isis, wife of Osiris, was practically supreme 
amiHig the Egyptian deities. In Assyria, 
Astartc was the highest goddess ; in ancient 
Arabia the goddess had more ] lower than 
the god, and .so she s(‘ems also to have 
had in Moab and other lands. 

The Wife of a Peasant to whom Israel 
Turned for Advice 

Still more significant, in th(i circum- 
stances, are the power, authority, and place 
which Deborah won among the mono- 
theistic and republican Jews in the age of the 
Judges. Scarcely more than a hundred 
years after the (U*alli of Joshua, a woman 
won the rule over tiu; fierce, warlike tribes 
from the desert, who still had more of the 
raiding habits of the Bedouin than the love 
ol p(‘ac(‘ and settUnl life of the farmer. 
Their religion was warlike and wholly mascu- 
line ; there seemed to be. little |)lace in it for 
women ; yet in tlu‘ time of great national 
peril it was to the wife of an obscure 
husbandman that lsra(*l turned for guidance 
and inspiration. 

Energy, will, mother-wit, endurance, and 
.sagacity seem still to be. found more in 
women of the ]K'asa!it class than in women 
in other walks of life. In managing ability, 
indeed, the ])(‘asant woman is often superior 
to her husband. 

On the other hand, it is e(]ually patent 
that woman soon lost much ol her monopoly 
in agricnllure. W'lien she had tied man 
down to tJie soil and domesticated him, he 
brought to bi'ar on their common task of 
tilling the land the powers td' mind and body 
develo])(?d in the hardest and most strenuous 
school of life. Trained to concerti;d action in 
hunting and in war, he hatl greater and 
better organising force than woman who 
still remains very individualistic in thought 
and feeling in matters not ilirectly related to 
the home circle. 

Man Carries Out the Work in the Field 
that Woman Discovered 

Man transferred to labour the organising 
ca]xicity he had developed in more violent 
ways of life; and when he? came to 
settle down as an agricnlturist he acted 
with his fcll<^’vs on li, large scide- clearing 
the jungle, piej)aring the land, diverting 
water-courses, and building roads for 
the transj)ortation of the [)roducts of 
farming. 

Man also ia'ougUt with him to his new 
industrial occupations a superior skill in 
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fashioning instruments. For a million 
years, perhaps, his life had been a life of 
strains-- a continual fight against death 
in all forms, in all attitudes — and this had 
stimulated his powers of invention. So when 
he took at last to making and handling tools, 
he was greatly helped by his practice in 
making and handling weapons. Woman 
first thought of thrusting a stick in the earth 
and dropping the seed in, and awaiting a 
meagre harvest, but when man gave liis 
attention to the matter he gradually worked 
out a remarkable combination of all the 
materials and powers within his reach. The 
great rivers by which he settled he split up 
into little, irrigating, fertilhing rivulets of 
water. The bucket that woman had in- 
vented for carrying purposes he placed on a 
wooden structure beside the stream, and 
turned it into a sort of pump for watering 


his far-off fields. The woman's hoe he 
transformed into a plough, and to this plough 
lie harnessed the animals he had tamed in 
his semi-nomiidic days. 

So he went on improving in every direc- 
tion on the primitive inventions of women ; 
and in the end woman retired from the field 
that she had discovered, and devoted her- 
self mainly to devclojiing industries of a 
]nircly domestic sort. This new division of 
labour had in some cases a bad effect on the 
position of woman. In China, in India, and 
in ancient Greece she was sometimes driven 
completely indoors, and the door was shut 
upon her. Woman, the founder and dis- 
coverer of the arts that make for happiness, 
was put under subjection. This was un- 
doubtedly an act of tyranny, and the 
children at last suffered for tlie indignities 
done to the mothers of the race. 
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ARE WE BORN OR MADE? 

The Momentous Union of Nature and 
Nurture in the Making of Human Beings 


THE UTMOST THAT 

C ^'iiARACTKR and circumstances/* “ herc- 
^ dity and environment/* “ nature and 
nurture/* are pairs of terms wliicli (wpress 
the two great classes of the factors which 
make a living thing. The first pair may 
now be rejected as too loose, for character 
is partly moulded by circumstances ; it is 
partly a product, aiul our tc'rmitiology must 
avoid any ])roduct, but fully describe the 
factors which, when multiplied together, 
5;1cld the product — -a backbone, a temper, 
a toe nail, or what not. “ Heredity and 
environment *’ are correct and useful terms, 
which, like the rest of the world to-day, we 
must constantly employ, but as often as 
not we shall speak of “ nature and nurture ’* 
instead, following the literary and scientific 
I)recedent of Shakes])eare and Galton. 

Our first business is to define these two 
categories, uj)on which the two halves of 
eugenics are n'spectively built. If wv. are 
to speak of Natural Tuigenics and Nurtural 
Eugenics, we must know exactly what is 
nature and what is nurture, what is 
heredity and what is cnviroiuneut. Then 
wc can proceed to estimate these two gn^it 
factors, and deal with them logically. 
The facts of biology here guide us to a 
hair’s breadth. 

Every human being is com])osed by the 
conjugation, fusion, or conception of two 
cells, one derived from the father and the 
other from the mother. What those cells 
bring is the “ nature ** or “ heredity ’* of 
the new individual. When they unite 
they form a single cell, only just visible to 
the naked eye, though never yet seen but 
by the AH-Sceing. This is the new 
individual. All the influences w'hich play 
upon, feed, mould, stimulate, poison, aerate, 
or othcrw'ise affect the new individual, 
from the moment of conception to the 
moment of death, constitute its “ nurture ** 
or “ environment.^* How much this term 


EDUCATION CAN DO 

means in the case of a human being, which 
not only breathes, as all living things do, 
but also r(‘ads, as no other living thing does, 
W’C shall see in due course ; but w^e shall 
see to no i^rofit unless, once and for all, we 
realise that nurture or environment begins 
when the individual begins, and ends when 
the individual ends. 

The abrupt and dramatic change of en- 
vironment called birth is important 
enough on many grounds, but it is t)nly 
a change of environment nevertheless, 
only the transition from tlui stage 
of ante-natal nurture to that of post- 
natal nurture — nurture before birth to 
nurture after birth. The writer advocates 
the use of these simple and convenient 
terms in order to obviate, if possible, the 
almost universal confusion Ix'tw'een ante- 
natal nurture and heredity. Heredity 
or inheritance is what is contained in the 
hereditary material, the two cells which 
united to form the new being. The nurture 
of that lM‘ing whether through its mother’s 
blood bt'fore birth, or its mother’s milk after 
birth, or its breakfast any morning thereafter 
— is all nurture; ami the confusion of 
thought, shared by too many who should 
know better, is really inexcusable. 

It would not be so if wc had no idea of the 
earliest stages of the new life, and its forma- 
tion, but wc now are possessed, through 
biology, of all the necessary facts ; and they 
show us clearly that the distinction between 
heredity and environment, or between 
nature and nurture, is real, exact, sharp, 
and unalterable. It need hardly be said 
that, in this first attempt to present a com- 
])letc exposition of the new science, wc shall 
rigorously recognise the distinction which 
biology tlemonstrates, and that when we 
S])cak, at any time, of heretlity or “ nature '* 
we shall certainly not mean such facts of 
nurture as, say, the passage of alcohol. 
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arsenic, lead, the poison of rheumatic fever, or 
any other substance, into the new life during 
—or after — ante-natal nurture. Neverthe- 
less, if experience is to be taken as a 
guide, it will be another twenty years 
before all who discuss such subjects realise 
that what happens to a baby before its 
birth is not heredity. At least let readers 
of POPULAR science avoid this commonest 
of popular and professional errors. 

How Nature and Nurture Act and React on 
One Another in Developing Human Life 

Thus much being clear, the next proposi- 
tion which biology lays down for our 
guidance is that every characteristic of 
every living thing is the product not the 
sum — of both nature and nurture. How- 
ever good the hereditary material, bad 
nurture will ruin it ; worse — may kill it then 
and there. However good the nurture, it 
will fail to turn an ape into a man, a fool 
into a seer, or a brute into a poet. It 
folhms that we must demand the utmost 
possible, alike from nature and from nurture, 
for our eugenic i^roject ; and that if we con- 
stitute ourselves advocates of eitlier as 
against the other we are enemies of our cause. 

The secpience of argument is clear. 
Everyone who cares for real things at all 
wants to make better men and women ; 
and the obvious method is lo take more 
care of them — in all rcsj^ects, from food 
for the body to food for the mind. That 
we have agreed to call nurture. Hut when 
the experiment is tried, no doubt im])er- 
fectly, but yet with some api)roach to com- 
pleteness, the results are unsatisfactory. 
We institute national education, and many 
children benefit, but many do not ; and 
those who do not. demonstrate that nurture 
is not everything, as we shall see in due 
detail soon. At this ])oint in the argument 
there arrives the modern student of genetics, 
the science of heredity, who declares that 
while we have recognised nurture we have 
forgotten nature ; and this is the new and 
distinctive contribution of modern eugenics 
to the problem of making men and women. 

It is Worth While to Nurture Well Those 
who are Not Well Born 

As to the importance of, say, diet 
or housing in promoting the welfare of 
the race, we arc all agreed; but it is' the 
Eugenist alone, in his tiny minority, who 
says that wc must begin at the beginning, 
which is not diet nor housing — no, not even 
ante-natal diet and housing — ^but heredity, 
or the inherent nature of that which we are 
trying to feed and house. Perhaps we are 
trying to make a silk purse out of a sow's 


ear, and it can't be done. The Eugenist is 
perfectly right ; and all the other party, in- 
cluding the politicians who depend upon the 
popular vote, must learn from him. The 
difference between a politician and a thinker 
is that a politician lives by majorities and 
a thinker lives by minorities, for his 
teachers and supporters are very few, but 
their increase is sure. We in England now 
are just witnessing the beginnings of that 
increase, for people arc now coming over, 
in ones and twos, to sec that the minority 
arc right who, in all ages, but never so surely 
as to-day, have declared that the first 
necessity is to be well born, and the second 
to be well nurtured. 

So far, so good, but we must beware lest 
the next proposition be that tlie nurture 
of those who are, or are supposed to be, 
not well born is not wortfi while. That is 
the pernicious, immoral, brutish, and stupid 
conclusion to which many recruits, entering 
the eugenic army in recent years, have 
committed themselves. If it were to pre- 
vail with Eugenists in general the ruin of 
our good cause would be upon us. But 
no right cause can fail ; and the only danger 
is lest tlic acceptance of eugenics by the 
pres<mt generation rather than the next be 
})rejudiced through the disastrous advocacy 
of those who sec in the new. truth an instru- 
ment for some petty purpose or passion. 

Every Human Being is Entitled to the Best 
. Possible Conditions of Life 

It must be clear that great new realms of 
knowledge and power involve new moral 
])roblems ; that is, indeed, the capital fact, 
the i)roblem of i)roblems, of our age. Our 
official moralists are still living in the past, 
and giving us dogmas instead of principles. 
In such a case those must teach who believe 
they can, whether they hold any office or 
none, and whatever the censure they may 
draw upon themselves. 

We shall . here, therefore, lay down the 
princii)le, old and new, that the best possible 
nurture is none too good for any human 
being. More and more this essential truth 
is becoming accci:)ted. Aristocracy may 
wish to save a class, the Church may 
wish to save the elect from a lost 
world, but eugenics proposes to save the 
world. The Eugenist maintains that ^wery 
human being who comes into existence 
is, by that fact, entitled to the . best 
possible conditions for its nurture — * 
according, of course,, to the particular 
neecis of its particular nature. Here is 
a fundamental moral principle ; and there 
is no compromise possible, nor ever can 
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be, between those who accept it and 
those who reject it — -nothing but ceaseless 
war until the triumph of the right. The 
instant that the conception of the two 
germ-cells has occurred, a new human life 
is in the world ; and the very persistence of 
mankind is in danger if we relax the in- 
defeasible rigour of the principle that that 
new life, and every existing life, at tliat 
and every subsequent stage, is entitled to 
the best nurture for its needs. 

All New Life that Comes into the World 
must be Regarded as Sacred 

The Eugenist sees, what no one else sees, 
that in only too many cases the new life 
should never have been made, llii sees, 
and must teach the world, that its care and 
control must begin earlier than ever here- 
tofore. He must repeatedly protest against 
the folly and carelessness wliich have 
permitted, say, the feeble-minded girl of 
sixteen to wander in the streets and be 
ruined, and help to ruin the future, after 
the daily fashion which disgraces all who 
kiiow and do not protest against it. 

But the principle lierti laid down is that, 
the instant a new life has been formed, and 
always thereafter, the claims of Natural 
Eugenics can no longer b(i heard in that 
particular case. The Eug(Miist should have 
spoken sooner, or, if he spoke and was not 
heard, he must register his i)rotest, anti 
now ])roceed to make the best of a bad 
business, saying, “ I told you so,*' at every 
lamentable stage in the develt)]nnent and 
history of the lialf-witted or tliseased child 
wliich the folly of society has brought iiilo 
the world. But no matter what that new 
life may be, no matter how ct'rtaiii to bt^ 
})art not of the wealth but of the illth 
of the nation, no matter whether the 
invisible beginnings of its history arc in a 
palace or a slum, or whether its parents be 
married or unmarried, that is a new human 
life in the world ; it is therefore sacred, and 
entitled to whatever conditions will make 
of it the best that its nature makes possible. 

, The Lie that the Labour of a Mother in a 
Factory Does No Harm 

Not by denying that will the Eugenist ever 
obtain the conscMit of public opinion to the 
merciful prevention of parenthood that can 
only result in offspring worthless to them- 
selves and to others, hopeless and dangerous 
whatever nurture, whatever love and money 
and tears, be ex]>ended upon them. 

Logically, nurture comes iiecond in our 
study and our campaign, and that state- 
ment of its place is the distinctive mark of 
modern eugenics. Nevertheless, for several 


reasons we shall here deal with nurture or 
Nurtural Eugenics first, and with Nature 
and Natural Eugenics thereafter. The best 
of those reasons is that the demands of 
nurture are clear, requiring no previous 
research in genetics, and that public opinion 
already assents to the principle, and is 
seeking to apply it in many ways. Further, 
we must attempt to stem the flood of 
pscudo-cugenic literature with which the 
I)ublic in this country, though fortunately 
not in America or on the Continent, is being 
plied by the statisticians, to the effect that 
nurture is negligible, and in a lecture, not 
yet three months old, to the effect that the 
labour of a mother in a factory, rather than 
in her home, docs no harm to her children. 

Here \\v, find our analyses met with the 
old <iiu'Stion, so familiar and so foolish ; 
Which is the more important, heiedity or 
environment, “nature or nurture**? 'J'o 
the biologist, who sees both factors neces- 
sary for every tissue, organ, function, 
feature, of every living thing, the question 
is a futile one. Then*, is no better illustra- 
tion of the truth (‘lumciatcd by Bacon, that 
th(‘ trium]>h of philosophy tle])ends upon 
rightly |nitting the question to Nature. 

The False Ideas about Heredity that are 
Taught To-day 

Tf a living creature wiTe niadc^ of a ])iecc 
contributed by heredity, ainl a second 
piece manufactiired from the environment, 
and stuck on to tlu*, first, the qu(‘stion could 
be asked and answered. If, for instance, 
a new cell grew into an adult by plastering 
its food outside its'elf, then we could say 
that such and such a percentage of its 
composition was due to nature, and such 
and such to nurture. But that is not what 
ha])])ens. 1C very iota of the organism is a 
jnoduct of multiplication, in which two 
factors, nature and nurture*, are nece'ssary, 
for we cannot multiply without two factors, 
and ten times nothing is not ten, but 
nothing. 

Notwithstanding tlic simplicity of the 
facts, for many years past we liavc been 
taught on all hands, in many contradictory 
voices, that nature has an infiuence upon the 
individual equal to, say, 75 per cent., and 
nurture 25 percent. — or the other way about. 
Jioth statements are eciually wrong and 
equally right. When the mathematicians tell 
the jHiblic and the stuflentsof life that nature 
is more important than nurture, say, as re- 
gards longevity, the simple and final re]^ly is 
— ^what nurture ? And a few drops of prussic 
acid in the calculators* soup, no matter how 
long-lived their ancestors, would demonstrate 
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in as many seconds that the question 
which tliey have forgotten to ask is the 
whole question. Large numbers of the 
community at the present day are subjected 
to the continuous action of all manner of 
poisonous influences, both before birth and 
after it. To assert the all-importance of 
nature or heredity without remembering 
that all our promise may be blighted by, 
say, the infantile diarrhoea of our large 
towns, is well-nigh to condemn eugenics 
in the eyes of rational men and women. 

The Defective Nurture that Destroys 100,000 
British Children Every Year 

Every child needs nurture. Newton 
was a weakly baby, i)rematurely born, 
and would promptly have been con- 
demned as not worth keeping had the 
statistical school been in power in his 
day. No one knows how many babies, of 
])riceless i)ossibility, like Newton’s, have 
i)een destroyed since his day, and before it, 
by defective nurture such as now destroys 
a hundred thousand infants in these islands 
every y(‘ar — ‘infants most of them as viable 
at birth as we were, the more fortunate 
who read and write thes(i lines. Here, then, 
we shall jiroceiul to assert the claims of 
nurture for every new human life coming 
into the world ; and those claims will only 
iH'Come more, not less, im])ortant the 
higher the ([uality of human material that 
may in the future be made available by 
Natural Kugenics, for the liner the hereditary 
possibilities, the more care will they need 
and re])ay, and the greatiT will be the loss 
if they do not receive it. 

The exact meaning and limits of nature 
or heredity are definite ; the limits of nur- 
ture ()r environment arc infinite. The fact 
must never be forgotten. If we were merely 
discussing the aiiKcba, we could limit 
environ mi'll t or nurture to a few matters of 
water, salts, air, and the like. But if we 
S]K"ak of man wc need to include not only 
everything whatsoever that is included under 
the nurture of the lowcT animals and the 
plants, but also a vast realm of influence 
to which man alone can respond. 

The Ability of Man Depends Partly upon 
Heredity, but also upon Environment 

The calculators Speak of the inheritance of 
ability, and attempt to reckon the degree of 
its transmission, just as they reckon the 
transmission of eye colour ; but while eye 
colour docs not depend upon the books tlic 
eyes open upon, ability is perhaps not 
entirely unconnected with, say, learning 
to read, learning to learn, and with the 
question whether one feeds one’s mind 
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upon treasure or trash. Whenever we 
speak of nurture or environment, with 
reference to man, as meaning anything less 
than the whole environment, atmospheric, 
dietetic, microbic, social, spiritual, wc are 
simply making the error of forgetting, in 
the first place, what man is and what man 
ought to be. 

Man is immeasurably the most complex of 
all things. His ability, for instance, depends 
partly upon heredity — a momentous fact 
which the Eugenist remembers and w'cighs 
and teaches — ^but it also* depends upon 
education and inspiration, and the presence 
of certain compounds in the diet, and the 
development of certain tiny glands in the 
body, the non-activity of the thyroid 
gland in the neck being alone sufficient to 
reduce any genius to icliocy and death. In 
the face of tliese elementary facts, familiar 
to every physiologist and doctor, the bio- 
metricians’ assertion that the inheritance of 
ability can be reckoned like the inheritance 
of brown eyes is simply to be dismissed 
as ignorant. Tlu'se writers need ten yeaVs’ 
])reliminary biology before they can use- 
fully employ their mathematical eiiuipment. 

Great Moral and Psychological Factors that 
must be Considered 

Then there is social ]^sychology to reckon 
with also. A man’s conduct and a man’s 
collar-bone are not similarly determined. 
The nurture of a man includes public 
o])inion, the j^ower of ])ersonality, and the 
great factors of imitation, sympathy, and 
suggestion, l^vi'ry man luis seven vertebne 
in his neck ; there is no case on record of 
any other number, and no mirlurc that we 
can apply will alter the number. But a 
man’s beliefs and a man’s backbone cannot 
be suitably comj^arcil when wc are dis- 
cussing nature and nurture ; and whatever 
induces or produces beliefs, influences 
conduct, and in part determines what the 
man is. Man has not onl^^ his physical 
heritage, but his social heritage, infinitely 
variable and fluctuating, immeasurably 
potent for good and for evil. We may 
present the mind of the adolescent boy with 
the ])rintcd wickedness or the printed 
nobility which arc both part of our social 
heritage. The so-called eugenics which 
denies the differehcc and the consequence 
is not worth a sneer. 

Evidently nurtural eugenics, thus ade- 
quately conceived as the sum of ' all the 
influences which make, mould, and modify 
inan, must include, and does include, many 
sciences which require separate treatment^ 
The science of health or hygiene, the sc^ 
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oi social forces, the science of education — ■ 
all these discuss part of the nurture of man. 
The Eugenist claims them for eugenics, but 
he has not the folly to presume that he is 
therefore master of them, and can dictate 
to those who are. Here, in the name* of 
eugenics, we do homage to them, honour 
them for their services to our cause, com- 
mend their study and application, and 
must then pass on to what may be called 
the nearer and more j^rimary environment, 
which is neglected in many of its aspects, 
and looked at in others from another point 
of view than 
ours. Above all, 
in o\ir study, 
we must insist 
u])on beginning 
at the begin- 
ning, which is 
the ex])ectant 
mother, as such 
eugtniic races as 
the Jews have 
d o n e, r e c o g- 
nising for thou- 
sands of j)ast 
years the im- 
port a n c c of 
ante-natal nur- 
ture. 

l^ut if we are 
thus to subv'ort 
the order of 
time and causa- 
tion, and are to 
take secondary 
before ])rimary 
eugtniics, dc^ai- 
ing with ex- 
])ectant mother- 
hood before 
asking ourselvt's 
whether those 
])arents should 
ever have met, 
we must once 
and for all realise what are the 
limitations, set by natural necessity, to 
the power of nurture. Observe that 
we demand and mean to obtain the best, 
which means the most fitting, nurture for 
every new life. This is a great demand, 
and while wc make it we recpiire to cpialify 
the hopes of those whom we desire t(,' grant 
it. The best nurture is not too good for 
any human being ; but the best a/id most 
suitable nurture, applied without exception 

every new human life, will neither make 
wat worthy nor will it effectively elevate 


the race except by teaching men wisdom 
enough to practise primary eugenics. 

There are here two dehnitc and all- 
important propositions, each of which must 
be verified. The first asserts shai]) limits tc 
the power of nurture for the individual, and 
the second asserts sharp limits to the powei 
of nurture for the race. Let us take these 
in turn. 

This is not the place in which to discuss 
the theory and i)ractice of education, but it 
is the very place in which to assert that the 
fe>rm of nurture which we call ('ducat ion is 

sharj)ly limited 
i by the nature 
of the material 
t'ducated, and 
further to assent 
that educators 
in the past and 
in the i)resent 
have too often 
claiuK'd for theii 
great jmictict 
far more than 
it has evei 
aehi(*ved, (^r evei 
will achit'V(‘. Be- 
fore the modern 
study of hen 
dity, such great 
thinkers a :■ 
H(‘l\'(‘tius and 
Kant — and als( 
I. o c k e , w h c 
likeiH'd a child’.*; 
in i II d t () a 
smooth writing- 
t ablet, or Idhula 
r(fs(( seriouslv 
suppo.S(‘(l, what 
many still su})- 
pose to-day, that 
tlu‘ dilferences 
betw(*enm(‘n air 
du(.' to differ- 
ences in t*duca- 
tion. They did not n'alise that, as a 
modern student of education has admirably 
said : “ The page of the youngest life is 
so far from being blank th.it it bears iijion 
it characters in comj)arison with which 
the fjided ink of pakeogra]>hy is as ri'Ctmt 
•history.” Education is as much, imhuHl, 
like the jirocess of holding to lliij lire a ])aper 
already inscribed with invisible ink as it is 
a process of inscribing new characters upon 
the surface of the now mind. It is both ; and 
this is the wlude truth, of which we find it 
so difficult to appreciate both halves. 
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We make, of course, the most ridiculous 
claims for education, as for most other, if 
not all, forms and aspects of nurture, 
hyron was educated at Eton, and we say 
"fiat Eton produced him, the real truth 
»eing, of course, that Eton failed to destroy 
am. If Eton produced him, and if Oxford 
produced Shelley, why docs it not produce 
thousands like them ? There is plenty of 
naterial, but it is not the right material. 
No polishing will make pewter into silver. 

Th« Great Differences Between Men which 
. Education Accentuates and does not Destroy 

Nay, more : the real facts of education 
are just the opposite of what is supposed 
by those who regard it as the social and 
racial panacea. They think education is 
a levelling process. On the contrary, it 
accentuates the differences between men. 
We may confuse the unpolished pebble 
with the unpolished diamond, but not when 
education has done its best for both. This 
is the tremendous error, of which nearly all 
Socialists have been guilty hitherto, though 
one must admit, with gratitude and pleasure, 
that within the last few years the most 
thoughtful and influential Socialists have 
immensely strengthened their case by 
recognising the eugenic principle of the 
natural and ineradicable inequality of men, 
even though this doctrine cxi)oses them to 
the rancour of those among their followers 
who most conspicuously illustrate it. 

That towering and noble genius John 
kuskin stated, forty years ago, in w^ords 
absolutely verified by the conclusions of 
science to-day, the truth of this matter. Not 
being so foolish as to suppose that one can 
improve upon his statement, there is no 
choice but the excellent one of quoting it. 

Rmki&'s Exposition of the Fallacy that Educa- 
tion Solves the Problem of Inequalities 

Education (said Kuskin) was desired by 
* 'he lower orders because they thought it would 
'■ ake them upper orders, and be a leveller and 
^ffacer of distinctions. They will be mightily, 
astonished, when they really get it, to find 
that it is, on the contrary, the falallcst of all 
discerners and enforcers of distinctions ; 
piercing even to the division of the joints and 
marrow, to find out wherein your Jjody and 
soul are less, or greater, than other bodies 
and souls, and to sign deed of separation with 
unequivocal seal. Education is, indeed, of all 
differences not divinely appointed, an instant 
efifacer and reconciler. Whatever is un- 
divinely i>oor it will make rich ; whatever is 
undivinely maimed, and halt, and blind, it 
will make whole, and equal, and seeing. . . . 
But there are other divinely appointed differ- 
ences, eternal as the ranks of the everlasting 
hills, and as the strength of their ceaseless 
waters. An! these education dpes not do away 


with, but measures, manifests, and employs. 
In the handful of shingle which you gather 
from the sea-beach, w^hich the indiscriminate 
sea, with equality of fraternal foam, has 
only educated to be, every one, round, you 
wnll sec little difference between the noble 
and the mean stones. But the jeweller’s 
trenchant education of them will tell you 
another story. hN'en the meanest will be the 
better for it, but the noblest so much better 
that you can class the two together no more. 
The fair veins and colours arc all clear now, 
and so stern is Nature’s intent regarding this 
that not only will the polish show w'hich is 
best, but the best will take most polish. You 
shall not merely sec they have more virtue 
than the others, but sec that more virtue more 
clearly ; and the less virtue there is, the more 
dimly you shall see what there is of it. 

And the law about education, \vhich is 
sorrowfullest to vulgar pride, is this — that 
all its gains arc at compound interest ; so 
that, as our work proceeds, every hour throws 
us farther behind the greater men with whom 
w'c began on equal terms. I'wo children go to 
school hand in hand, and spell for htilf an 
hour over the same page. Through all their 
lives, never shall they spell from the same page 
more. One is presently a page ahead, two 
pages, ten pages, and ever more, though each 
toils eciually, the interval enlarges — at birth 
nothing, at death infinite. 

Education that Acts as a Magnet in Separating 
the Gold from the Dross in all Classes 

Those words were written in 1867, three 
years before the coming of i^opular educa- 
tion. Tliey liave been tested for a genera- 
tion and found true, 'riicre has been a 
marvellous levelling of education, with the 
result that wc find wbrthless trash and 
priceless treasure in all classes, 

“ Education has been put at the begin- 
ning, when it ought to have been put at 
the end. It matters comparatively little 
what sort of education we give children ; 
the primary matter is what sort of children 
wc have got to educate.” So said a great 
student, Dr. Havelock Ellis, forty years 
after Ruskin. Neither education, then, nor 
any other form of nurture can alone achieve 
the ciigenic ideal. No matter how gof)d our 
polishing, wc must have silver and (liamonds 
to work ujK)n, not ])ewter and pebbles. 

This prinri])le need not further be anipli- 
lied ; but if a recent and striking illustra- 
tion of it be demanded, we may cite the 
case of the new schools for mentally defective 
children which were started in this and 
other countries with such high hopes that 
special care and skill would bring these 
cliildren up to the normal standard of 
intelligence and conduct. Admirable and 
necessary as these schools are, they are in 
no respect more useful than in teaching all 



HARMSWORTH 

and sundry, as they now do, that education 
develops but cannot create. 

But though the partisans of nurture in 
all its forms may be nonplussed by such 
demonstrations as modern education has 
afforded, they still have another and most 
important argument ; and that involves us 
in the second proposition . regarding the 
limits of nurture. It is supposed that if we 
educate the i>arcnts the child will begin 
where the parents left off. This assertion is 
notoriously contrary to the facts of every 
day. It depends upon the belief that the 
effects of use and disuse arc transmitted to 
offspring, a belief which is at all times 
contradicted by the scantiest observation, 
but which becomes a complete obsession 
when wc find it used for partisan purposes. 

Thus the advocates of votes for women 
— as to which nothing is here said for or 
against — declare that the political in- 
capacity of women, alleged by their, op- 
pon^ts, is due to ages of disuse, and can- 
not be recovered at once. This ridiculous 
but familiar argument assumes not merely 
that the effects of disuse arc transmitted 
to offspring, but that they are exclusively 
transmitted to offspring of the same sex as 
the parent, it being forgotten that mothers 
have sons as well as daughters, and fathers 
hav^ daughters as well as sons. 

The Efficiency that a Man can Never 
Transmit to His Children 

Neither the effects of use nor of disuse 
of any organ or faculty of the parental body 
arc transmitted to the offsjmng. 'Ihe sub- 
ject has been carefully studied for decades, 
by all manner of means, and the tact has 
long ago been proved. It follows that all 
those forms of nurture, education, or “ the 
provision of an environment,” as wc shall 
here define education, wiiich involve no 
more than the use, practice, or develop- 
ment of particular functions or organs, arc 
impotent as regards the race. They serve 
individuals, which is their abundant justifi- 
cation, notwithstanding the limits imposed, 
as we have already seen, upon that service. 
But they do not serve the race ; and half the 
disiqipointments and failures of history are 
due to the delusion that they do. 

If the old view were true, as Lamarck 
supposed it was when he based a theory 
of evolution upon, it, the provision of good 
nurture would be a completely adequate 
instrument of eugenics, and what we have 
called primary or natural eugenics would 
be superfluous. Even though good nurture 
w'ould not reform the .world in a single 
generation, owing* to the individual limita- 
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tions imposed by the nature of the m'aWia i 
yet in each successive generation, on tU^ 
view, the material would improve ft 
hercntly, and by a kind of snowball prr 4 :e 
man would climb rapidly starwards. Tl 
good habits acquired, perhaps with pa^ 
and labour, by one generation would be 
innate, natural, inevitable in « the next 
Our parents' nurture would become ouV 
nature, “ my father's environment would[ 
be my heredity.” We should not need td 
discuss any question of selection for parent/ 
hood. Without any such process wc could 
raise the race at once, as one storey of a\ 
building is built upon another. , 

The Greet Heritage that can Come Down 
Only Through Society 

Nothing of the sort happens. The rcsultL. 
of education, physical, mental, or moral, arc 
confined to the individuals educated. The 
personal acquirements of one generation, in 
speech or muscular development or in- 
formation, die with their possessors. The 
children do not begin where the parents 
left off, but they make a fresh start when 
the ]>arcnts did. The social heritage may lx 
improved by *1116 parents' doings : in thi.. 
sphere, thank Heaven and man's power o^ 
recording his achievements, there is ** trans- 
mission of acquired characters,” or where 
should any of us be ? But the germ- 
plasm of the individual who learns ten 
languages remains what it would otherwise 
have bC'cn, and his subsequent child, formed 
therefrom, has to begin at a, b, c like his 
father. True, the* child may be a good ' 
linguist, but that is evidently because it 
has inherited the natural linguistic capacity 
which was inherent in it? parent, and has 
had, probably, the further advantage of 
being brought up in a linguistic home. 

The Good Nurture that at least Protects the 
Nature of the Next Oeaeratioa 
We proceed, then, in our sttjdy of nurture 
and our demands for its grafting to. every 
human life, but all the wWle\ w® ip 
steadily remember that what wl^sk' for 
will never rightly repay uB until the|||piands 
of primary or i]La 1 ^su eugShi^^^lgw^' been 
satisfied 4 and‘^ 0 Od''nurt^^ ^ ^j ethinfe, but 
good material tq wprk ,, ; 

Lastly we note; liowever, thw-jn j^^ain 
special and weUrtdefined 
■’is' -^eoiyiYaient • to of 

* racial the 

impK>rtaiic(Sh: , 











